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THE PURPOSES OF THE SOCIETY 


The Audio Engineering Society is an organization rep- 
resenting the profession whose field is the recording, trans- 
mission, and reproduction of those frequencies audible to 
the human ear. Its objects are the advancement of the 
theory and practice of audio engineering and its closely 
related arts, and the dissemination of important informa- 
tion in this field to its membership. The Society seeks to 
continue the progress which has been made in audio en- 
gineering since the days of the original telephone and 
continuing through the early microphones, loudspeakers, 
and amplifying devices. Many of the electronic develop- 
ments familiar to us today, such as broadcasting, sound 
motion pictures, and radiotelephony, had their beginnings 
in audio engineering. 

Each year the Society gives the following awards: The 
Emile Berliner Award for an outstanding development in 
the field of audio engineering, the John H. Potts 
Memorial Award to the person who has made an out- 
standing contribution to the improvement of audio en- 
gineering, and the Audio Engineering Society Award to 
the person whose work has helped most the advancement 
of the Society. Honorary Memberships and Fellowships 
are awarded for past contributions to the profession. 


PUBLISHING 


Papers presented before conventions or meetings of the 
Society are often published in the Journal of the Audio 
Engineering Society, which is sent quarterly, without 
charge, to all members. Back issues of the Journal are 
available at reduced member prices. Occasional mailings 
are also made of news bulletins to members. 


MEETINGS AND SECTIONS 


The Audio Engineering Society holds conventions in 
the fall and winter of each year, during which technical 
papers are presented and exhibits made by manufacturers 
of equipment used in the audio field. No charge is made 
to members for admission to the conventions. In addi- 
tion, local sections have been organized in various parts 
of the country, and abroad, which meet regularly for the 
presentation of technical papers and discussion of sub- 
jects of interest. Those members desiring to learn of 
sections in their vicinity or to form new sections should 
correspond with the Secretary. 
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New Products and New Applications in the 
Magnetic-Tape and Film Fields” 


Ernest W. Franckt AND Epwarp Scumipt? 


Reeves Soundcraft Corp., Springdale, Connecticut 


In the last two years, advances in the manufacture and application of magnetic products have 
been made. This paper covers the physical and electrical characteristics of current standard tapes 
and Mylar tapes of various gauges. A report is given on “print-through” characteristics of mate- 
rials coated on base supports as thin as 0.5-mil Mylar. The use of striped magnetic film in motion 
pictures and in television is dealt with, as is the use of magnetic products for geophysical recording. 
Discussed, too, are strides which have been made in improving the friction characteristics of tape 
and film. These improvements, claim the authors, have solved some of the problems associated 
with telemetering and other instrumentation applications. 


1952, at the Audio Engineering Society Convention, we describe some of the new advances soon to be incorporated 
presented a paper describing a new tape product and a_ in commercial materials. 
new base support—Mylar polyester film. In our concluding The present paper is divided into three principal sections: 
remarks we forecast specialization of coated magnetic mate- 1. Electrical improvements. 
rials to meet specialized needs; we predicted a variety of 2. Base considerations. 
products rivalling the variety of sensitized photographic 3. New applications and new products. 
products. We will now review some of these innovations 
which have assumed active commercial realization and also 1. ELECTRICAL IMPROVEMENTS 
Magnetic-Particle 
Size and Shape Distribution 
* Presented at the Sixth Annual Convention of the Audio Engineer- 


ing Society, New York, October 14-16, 1954. The original German Magnetophon tape and the first 
t Chief Engineer. A i : ‘ 
$ Vice-President. merican tapes were made from cubic particles, such as 
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NEW PRODUCTS AND NEW APPLICATIONS IN THE MAGNETIC-TAPE AND FILM FIELDS 


those in the electron photomicrograph of Fig. 1. The gen- 
eral particle size in this illustration is well below 1 micron. 
For the past 3 or 4 years all American-made magnetic prod- 
ucts have used a pigment of the type illustrated in Fig. 2. 
The structure is acicular, or needle-shaped, with a length- 
to-breadth ratio of about 7:1. In general shape, the parti- 
cles resemble cigarettes. The longest dimension is about 
0.7 micron. (For scaling purposes individual particles can 
be compared with the distance included between the two 
arrows, e.g., 1 micron or 1/25,000 in. It would take 15 or 
20 of the longest particles strung end to end to span the gap 
in a typical ring-type playback head. In a tape coating, 
the magnetic powder comprises about one-half the volume 
of the coating, the other half of the volume being required 
for the binder composition. If the number of these parti- 
cles in 1 linear inch of quarter-inch coated tape is calculated, 
it comes to 100 billions, or 10''! This amounts to about 50 


Fig. 1. Electron photomicrograph of magnetic particles used in 
original German Magnetophon tape. Arrows indicate 1 micron, or 
1/25,000 in. 


particles for every living human being on earth. If each 
particle were worth 1 cent, 25 ft. of quarter-inch tape would 
retire our national debt. 


Magnetic-Particle Orientation 


The shape of these particles suggests that it should be pos- 
sible to arrange them more compactly in a coating by align- 
ing them all in the same direction, like wooden matches in 
a box. This immediately permits more particles to be 
packed in the same volume of space. Furthermore, it is 
fortunate that the particles exhibit greater magnetism in 
their Jong dimension: in most recording applications, the 
recording is laid down in the direction of tape length. Thus, 


\ 


Fic. 2. Electron photomicrograph of magnetie particles typical 
of current American-made products. 


as shown in Fig. 3, the aligned particle arrangement in B 
is better than the random distribution in A. Tape B will 
have greater sensitivity because every particle is lined up 
in the direction of the recording field. In tape A, as the 
recording level is increased, those particles whose long di- 
mensions are parallel to the longitudinal axis of the tape 
will become saturated long before those particles whose axes 
are inclined 70° or 80° to the tape length. This means that 


before the particles whose long axes are at right angles to 
the long axis of the tape have been fully magnetized, the 
more favorably oriented particles may have become satu- 
rated; the net result may be an unsatisfactory overall dis- 
tortion characteristic for the tape. 

Prior to 1951, tape manufacturers were not generally able 
to take commercial advantage of these obvious gains result- 


ing from magnetic-particle alignment. However, in tapes 
currently being made, alignment has been achieved to the 


Fic. 3. Representation of the arrangement of particles in a tape 
coating: A. Random arrangement. B. Particles aligned in the di- 
rection of tape length. 
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extent that the sensitivity along the length of the tape is 
about 7 db greater than across its width. This improvement 
was used to produce a thinner tape construction, first intro- 
duced about three years ago (1951). This made possible 
tapes with higher sensitivity, lower distortion, and thinner 
coatings. From this accrued such advantages as larger reel 
hubs, reduced manufacturing costs and greatly improved 
uniformity of production. 


The Magnetic Coating in its Relation to the Gap; 
Geometric Considerations 


In Fig. 4, we show the calculated field around the gap of 
a record head, after the representation used by S. J. Begun.’ 


t 
4 
wat -s 


Fic. 4. Pattern of the magnetic field near the gap of a record 
head. Dotted lines show the direction of flux. (After 8. J. Begun.") 


Only one-half of the gap is shown. This is sufficient for our 
purpose, as it is the flux at the point where the tape leaves 
the gap area which determines the recorded signal, and we 
are considering that the tape will travel from left to right. 
Here flux direction and density are represented by the direc- 
tion and density of the dotted lines. Field gradient, repre- 
senting lines of equal flux, is mapped by solid lines. It 
should be borne in mind that the tape moves from left to 
right, and that in the region close to the pole face, where the 
tape leaves the gap, the flux direction is almost vertical. 
Farther above the gap, the flux direction bends gradually 
away from vertical. 

Thus far, in speaking of particle alignment, we have been 


1S. J. Begun, “Magnetic-Field Distribution of a Ring Recording 
Head,” Audio Eng., 32, 11-13 (December 1948). 


considering only a plane parallel to the tape surface. Actu- 
ally, we should also consider alignment in a plane along the 
tape, parallel to the direction of the head laminations; with 
respect to this latter plane, the best direction for alignment 
is not immediately apparent. 

Notice that the dotted lines indicating flux are spaced 
farther apart as we get farther from the head surface. This 
indicates that the part of the coating closest to the head 
always receives the strongest signal. In addition, the part 
of the tape farthest from the head is at a geometric disadvan- 
tage with respect to the threading of playback-signal flux 
through the playback head, because much of this flux is 
shunted, or bypassed, by that portion of the coating thick- 
ness between it and the head. For these two reasons, most 
of the playback-signal flux is secured from the part of the 
coating nearest to the playback head. This geometric effect 
becomes greater as wavelength decreases; at wavelengths 
approaching the gap length this effect is so pronounced that 
coating thickness can be reduced 70 or 80% without signifi- 
cant loss of playback level. 

With this in mind, it is in order to examine closely that 
third of the tape coating in Fig. 5 which is nearest the head. 
If, in the plane which is parallel to the head laminations, 
we could align the particles as shown, we should get the best 
condition for receiving a recorded signal, because then the 
long dimension of each particle would be parallel to the 
direction of the flux. But this would be true only for one 
direction of tape travel. Were we to pass the tape over the 
head with the other end of the tape first, we would go from 
the condition of Fig. 5 to that of Fig. 6, and here the parti- 
cles and flux lines are no longer parallel but approach per- 
pendicularity. The result is a tape which performs better 
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Fig. 5. Tape in position over record head. Note that as the tape 
leaves the head by moving to the right, the dotted flux lines are 
parallel to the longitudinal axes of the particles. 
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Fig. 6. 
The tape has been rotated 180°. 
longer parallel to the flux lines. 


Same tape as in Fig. 5 and still moving to the right. 
Note that the particles are no 


at short wavelengths when recorded in one direction than 
in the other. 

This effect does exist in tapes and can lead to perplexing 
discrepancies when careful measurements of tape perform- 
ance are attempted, if it is not watched for, yet there has 
been scant mention of it in literature. On typical equip- 
ment, such as the Model 300 Ampex recorder, there can be 
as much as 1.5 db difference at a wavelength of 1 mil. The 
directional effect becomes more pronounced as the bias is 
increased; it has been found to be as high as 2.5 db with 
standard bias. The effect is smaller, though usually notice- 
able, at wavelengths of 0.015 in. and has been observed to 
be as high as 0.4 db at 100 cps, at a tape speed of 15 ips. 

This directional effect would not be present in a tape 
where the alignment is as shown in Fig. 7, with the particles 
parallel to the tape surface. By careful attention to the 
directional effect, and through modification of our coating 
technique, it has been possible to keep the directional dif- 
ference below 0.5 db for any wavelength. 


Longer-Playing Tapes; Base Thickness and Coating Thickness 
Considerations 


The industry has been aware for some time of the desir- 
ability of longer playing time for tape wound on standard 
reels and played back on equipment with existing tape 
speeds. The only way of achieving longer playing time 
lies in a thinner tape. The tape manufacturer must make 
an engineering decision as to how much he wants to reduce 
the backing thickness and how much he should reduce the 
coating thickness. One point is paramount, namely, that 
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the electrical performance characteristics of any new tape 
must be compatible with those of existing standard tapes. 
If coating thickness is to be reduced, the coating sensitivity 
must be increased to maintain compatibility with existing 
standards. There is a practical limit to how much we can 
reduce coating thickness, which is dictated mainly by uni- 
formity considerations. That is because the flux density 
over the gap, as shown in Fig. 7, becomes progressively 
greater as we approach the head; as tape coating thickness 
is reduced, the variations in thickness are brought closer to 
the head and travel through a region of higher flux density. 
In addition, there is the simple mathematical fact that, as 
the overall thickness of the coating is reduced, any given 
absolute amount of variation tends to be—relatively speak- 
ing—a greater percentage of the overall coating thickness. 
Standard coating thickness has been ranging from 0.50 to 
0.55 mil; a reduction of coating thickness to between 0.40 
and 0.45 mil is possible without seriously affecting uniform- 
ity. To maintain compatibility, this must be accompanied 
by a corresponding increase in coating sensitivity. 
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Fic. 7. Tape with particles aligned parallel to tape length in po- 
sition over head. Note that the angle between particle length and 
flux direction would not be affected if the tape were turned 180°. 


If the coating thickness and the coating sensitivity are 
changed in inverse proportion, one change offsets the other 
and leaves us with a net sensitivity compatible with that of 
standard tapes. A reduction in coating thickness of 27% 
will reduce the overall thickness of the tape by only a mere 
74%4%, and so we must look for greater reduction in the 
thickness of the base if any significant benefit is to accrue 
to the industry. 
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BASE CONSIDERATIONS 

Standard acetate tape base alone ranges in thickness from 
1.4 to 1.5 mils; therefore the base—which accounts for 75% 
of the overall thickness of the tape—should be the prime 
target when we want to reduce the overall thickness of the 
tape. To a large extent, present-day tape equipment has 
been designed around the physical characteristics of 1.5- 
mil, cellulose-acetate-base tapes. Federal Specification MIL 
T61A for quarter-inch magnetic tape was carefully written 
to make sure that only tape with the best possible strength 
properties could pass it. Some of the tests, like those for 
elongation and tensile strength, can be passed by only a 
slight margin when the stock is fresh. Some lots of fresh 
cellulose acetate 1.5 mils thick have been known to fail the 
shock tensile test. Also, there is the matter of standard-base 
manufacturers’ gauges. Cellulose acetate is available in 150 
gauge, 120 gauge, and 100 gauge, i.e., 1.5, 1.2, and 1.0 mils 
thick, respectively. Here there is no chance to make a small 
change—the only choice is a big one. The temptation to 
use thinner acetate base has been with us for years, but the 
decision was always against it on an engineering basis, since 
the data on cellulose acetate less than 1.5 mil thick is defi- 
nitely marginal in respect to its strength characteristics. 


The Introduction of Mylar as a Base Material 


Things looked more hopeful when Mylar base, with its 
superior strength, was first introduced. At the outset, how- 
ever, its surface quality was not equal to that of the acetate 
base then available. Last summer, a large amount of 1-mil 
Mylar-base tape was coated under contract, and we were 
pleasantly surprised to find the surface quality equal to that 
of the best acetate we had ever worked with. This was all 
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Fig. 8. Comparison of the physical properties of Mylar and cel- 
lulose-acetate films. 


that was lacking to permit a sizeable reduction in base 
thickness and still afford good physical properties, so that 
Federal Specification MIL T61A could be passed by a com- 
fortable margin. The use of 1-mil Mylar, in place of 1.5- 
mil acetate base, yields a 25% reduction in overall tape 
thickness. This, along with the maximum desirable reduc- 
tion in coating thickness referred to above, adds up to a 
total reduction of nearly 3344%. This makes it possible to 
wind the customary length of tape on a reel, plus 50% more. 


Shock Tensile Strength 

When 100-gauge Mylar base is used, the shock tensile 
strength, according to the test procedures of MIL T61A, is 
greater than 0.59 ft-lbs. The Specification’s limit for 150- 
gauge acetate is 0.32 ft-lbs; this figure is very difficult to 
realize in the commercial production of acetate tape. 

Our industry has been very fortunate in that the release 
of Mylar polyester film by the Du Pont Company has co- 
incided with the commercial pressure which has resulted in 
today’s longer-playing tapes. 

Consideration of acetate backing in the 100-gauge, or 
1/1000-in. thickness, has been rejected, from the engineer- 
ing viewpoint. Mylar base has eliminated the problems of 
curl and deformation during storage. Mylar also removes 
any consideration of plasticizer loss and subsequent em- 
brittlement. It is relatively unaffected by moisture changes 
and therefore constant playing time is maintained regard- 
less of the environmental history of the particular tape. The 
normal tensile strength and shock tensile data, as well as 
other physical data in Fig. 8, further emphasize the engi- 
neering advantages of this product. 


“Necking-Out” Tendencies 


The only possible objectionable feature of Mylar-base 
tape, in our view, is its tendency to “neck out” and stretch 
into wire form under severe stress. However, if we consider 
the percentage elongation of 100-gauge Mylar, compared 
with that of 120-gauge acetate, as illustrated in Fig. 9, we 
find that in the quarter-inch width, the 120-gauge acetate 
will elongate 2.3% when subjected to a ?-lb pull. The 
elongation of 100-gauge Mylar, when subjected to a similar 
pull, is 1.5%. For a 1-lb pull the figures are 0.87% for 
the acetate versus 0.73% for the Mylar. We find that the 
100-gauge Mylar tape will stand up—without deformation 
—under any type of handling or treatment to which the 
typically thicker acetate-base tapes are customarily sub- 
jected. 


Print-Through 
Reducing the base thickness brings the layers of magnetic 
coating closer together as the tape is wound on a reel; this 
tends to increase the layer-to-layer transfer of signal, or, 
as it is usually referred to, print-through. We find that this 
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Fig. 9. Elongation versus tensile strength of Mylar and cellulose- 
acetate film. 


effect is not nearly as dependent on base thickness as might 
be believed. In going from 1.5-mil base to 1.0-mil base, we 
observed an increase in print-through of only 3 db; 1.0-mil 
Mylar-base tape passes the MIL T61A test procedures, 
which place a 50-db limit on print-through. 

The base thickness can be reduced still further without 
much increase in print-through: We note that tape coated 
on 0.5-mil Mylar exhibits print-through only 4 db higher 
than tape made with 1.0-mil Mylar. Incidentally, what 
was even more surprising to us than the low print-through 
increase when 0.5-mil Mylar was used was the fact that 
tape made with it could be run on a standard Ampex re- 
corder without the need for any special adjustments in the 
machine; the same machine broke 1-mil acetate tape on 
Starts. 

With the above electrical and physical considerations in 
mind, the commercial program of our PL-50 series was in- 
augurated. 


New Applications and Products 


In addition to the new base materials and electrical re- 
finements described above, many new applications have been 
introduced in magnetic products during the last few years. 
Roughly, these might be classed as instrumentation and 
specialized-process applications. 


Magnetic Materials in Geophysical Recording 


Possibly the fastest application progress has been made 
in geophysical work, or seismic recording. Here, magnetic- 
recording systems have many advantages over the multiple- 
light-beam galvanometer which records on photosensitive 
paper, a system which, until recently, was the one employed 
almost exclusively in geophysical exploration. The useful- 
ness of the photographic record depends on the ability of 
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an experienced recording operator to select a series of narrow 
bandpass noise-eliminating filters to minimize the noise com- 
ponents reaching the galvanometer prior to the arrival of the 
signal representing the explosion of the dynamite charge; it 
is the echoes resulting from this explosion which constitute 
the desired information. 

The problem is that the noise components are, in many 
cases, higher in level than are the signals representing the 
useful reflections. Hence, the selection of noise-eliminating 
filters is very important in order to obtain a record from 
which the arrangement and character of the earth strata 
under study may be clearly inferred. 

When the magnetic process is used in geophysical record- 
ing, the entire bandwidth is registered on the tape. Cutoff 
filters are then inserted by trial and error—at leisure— 
during repeated playbacks. Thus, the undesired noise com- 
ponents can be separated more effectively from the echo 
signals and a clearer signal obtained for subsequent re- 
recording to photosensitive paper by the original multiple- 
galvanometer procedures. 

The accuracy of the data is enhanced by an increase in 
the number of individual geophones used. Fortunately, 
magnetic equipment is easily adapted to significant increases 
in the number of separate channels in a very small space. 

Actually, the use of magnetic materials in geophysical 
recording was not feasible until Mylar became available: 
The humidity coefficient and dimensional instability of 
acetate may result in unsatisfactory tracking under the wide 
range of climatic conditions which are experienced in geo- 
physical field work. We have found that Mylar is the only 


Fig. 10. Ampex Model 700 geophysical recorder using magneti- 
eally coated Mylar belt 4 in. wide. 
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plastic material which is sufficiently stable for use in such 
applications, all of which tend to employ wide tape. 

One kind of equipment now in use is the Ampex Model 
700, illustrated in Fig. 10. This utilizes a special mag- 
netically coated belt, 4 in. < 40 in. long, with thick Mylar 
end tabs. The belt need only be wrapped around the drum 
and the equipment is ready for use. 


Fic. 11. Texas Instrument Co. geophysical recorder using a My- 
lar dise 20 in. in diameter magnetically coated on both faces. 


Magnetically Coated Discs 


Another development, by Texas Instruments, Inc., utilizes 
a magnetically coated Mylar disc about 20 in. in diameter. 
This disc has a coating on each side and is mounted as 
shown in Fig. 11. Over 90 channels of recorded informa- 
tion are available. Other magnetic-recording equipment for 
geophysical purposes is currently under design or in use. 
All employ Mylar-base products. 


Pulse-Recording Applications 


Specialized products are also under development for the 
general field of pulse recording. Equipments such as the 


Fig. 12. Remington Rand Univae tape-transport systems. 


Remington Rand Univac Tape System, illustrated in Fig. 
12, are now being manufactured. These specialized record- 
ers require specialized magnetic products for satisfactory 
operation. Pre-selected tapes from standard manufacture 
have not proved successful. Static and friction problems 
are especially severe in many of these equipments. Another 
factor is deterioration of the magnetic surface on repeated 
plays. Small particles of the coating “ball up” and pull 
out of the surface, thereby causing errors during operation. 
A specialized formulation to minimize this effect has been 
brought to the point of field evaluation. This new coating 
has a coefficient of friction tess than half that of conven- 
tional tapes. Similarly, progress is being made on the static 
problem. This is expected to lead to fewer difficulties arising 
from the presence of dirt; such dirt is a continuing source 
of error in all tapes used to date in instrumentation appli- 
cations. 

The high strength factor of Mylar is also of importance 
in the instrumentation field. If the thickness, and thereby 
stiffness, of the base is reduced, the compliance factor is 
improved, and the percentage of active material in contact 
with the recording head in the vicinity of a surface pro- 
tuberance increases. Experiments with respect to this prob- 
lem have been run on the 0.5-mil Mylar. These experiments 
indicate a marked advantage for Mylar over the more con- 
ventional stiffer bases. 

U. S. Patent 2688567 has been issued covering the micro- 
polishing process, which was described before a previous 
meeting of the Audio Engineering Society.2 Refinements 
have been incorporated into this operation which result in 
substantial improvement in surface smoothness. 


Magnetic Materials in Language Teaching 


Similarly, many refinements have been made in the mag- 
netic striping process. The little pronunciary (Fig. 13) 
developed as a language-teaching device by Ellemac, Iac., 


2 Ernest W. Franck and Edward Schmidt, “A New Professional 
Magnetic Recording Tape.” Presented at the Fourth Annual Conven- 
tion of the Audio Engineering Society, October 30, 1952. Published 


in the JourNAL oF THE AupIO ENGINEERING Society, 1, (January 
1953). 
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Fig. 13. Pronunciary made by Ellamae using magnetically 
striped cards. 


illustrates an interesting use of magnetically striped cards. 


The Motion-Picture Field 


In the motion-picture field, CinemaScope, with its four 
magnetic sound tracks, has assumed a real position of promi- 
nence. All CinemaScope prints are striped on equipment 
supplied by Reeves Soundcraft, as illustrated. The equip- 
ment used at Twentieth-Century Fox is shown in Fig. 14, 
whereas that used at Warner Bros. is depicted in Fig. 15. 


There are other installations in Metro-Goldwyn-Mayer, Uni- 
versal Pictures, the De Luxe Film Laboratories, Inc. (Fig. 
16), in Hollywood and New York, and at the Pathé Labo- 
ratory. The new Todd-AO process is scheduled to be re- 
leased as Magnastripe on 70-mm film. 

CinemaScope striping has required the development of 
mass-duplicating equipment. Figure 17 shows a Westrex 
CinemaScope “printer,” as installed at the Twentieth-Cen- 
tury Fox Studios, and Fig. 18 shows the RCA equipment 
in use at Warner Bros. 

Magnetic film, full-coated and striped, is used—in the 
pre-release phases—almost to the complete exclusion of 
photographic soundfilm in the motion-picture and television 
industries. Specialized editing equipment, such as the 
Westrex film editor (Fig. 19), has been developed to fit 
the new requirements for editing sound tracks recorded on 
magnetic materials. 


Television 


The television industry is moving in the direction of re- 
lease on striped magnetic film. Victory at Sea was released 
by NBC on 35-mm Magnastripe in 1953. New equipment, 
as illustrated by the Dumont flying-spot, 16-mm film re- 
producer (Fig. 20), is now moving into the television sta- 
tions. This equipment is available with magnetic heads for 
direct reproduction of 16-mm Magnastriped film. 

Magnetically striped film is the logical answer, in the 


Fig. 14. Sounderaft four-position CinemaScope striping unit at Twentieth-Century Fox. 
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Fie. 15. CinemaSeope striping installation at Warner Bros. 


opinion of the authors, to the sound-quality problem asso- 
ciated with all 16-mm color processes. It is expected that 


active use of 16-mm film for television color release will 
move strongly in the direction of striped film. Accordingly, 
the Reeves Soundcraft Model Z 16-mm Magnastriper has 
been designed for local station installations (Fig. 21). This 
is a completely self-contained striping plant which operates 
at 40 ft per minute. It is able to stripe any 16-mm product 


in accordance with the standards and practices recommended 
by the SMPTE.* 


%The design and operation of this equipment was described by 
Edward Schmidt at the Fall Convention of the Society of Motion 
Picture and Television Engineers, Los Angeles, October 1954. 


Fig. 16. Rear view of DeLuxe impingement-drying 35-mm Cine- 
maScope striping applicator. 


Fig. 17. Battery of Westrex ‘‘printers’’ for recording multiple 
soundtracks on CinemaScope release prints at Twentieth-Century 
Fox. 


Quarter-Inch Tape with 16-mm Perforations 


Another development worthy of mention here is the de- 
sign of equipment using quarter-inch Mylar tape with 16- 
mm perforations. Rex Isom of RCA has described this 
equipment.* It is shown in Fig. 22. The approach employed 
permits ready synchronization of sound and picture and can 
be expected to find application in many phases of newsreel- 
type recording. Production is now under way of Magna- 


4 Warren R. Isom, “Synchronized Recordings on Perforated Tape,” 
J. Soc. Motion Picture Television Engrs., 63, 26-28 (July 1954). 


Battery of RCA CinemaScope printers at Warner Bros. 
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Fic. 19. Westrex film editor designed for use with magnetic Fig. 21. Reeves Sounderaft model Z 16-mm film striper. 
film. 


Fie. 20. Dumont flying-spot, 16-mm reproducer for television 
stations. This equipment is available with magnetie heads for 
playing back magnetically striped film. 
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stripe on unexposed camera negative materials to meet other 
requirements in the newsreel field. 


PROSPECTS FOR THE NEAR FUTURE 


The authors do not pretend that the foregoing material 
constitutes a complete story on the diversification of prod- 
ucts and applications which has occurred in the magnetic- 
recording field during the last two or three years or so 
(1951-1954). Only high spots have been presented. It 
is hoped that the foregoing presentation affords a picture 
of the rapid advances in our industry which have been 
prompted by refinements in raw materials and manufactur- 
ing techniques. We can look forward to continued speciali- 
zation and are convinced that we are only on the threshold 
of increased product diversification. We foresee many more 
specialized products and applications. The use of magnetic 


Fig. 22. 
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tape for the recording of television Thiages is not as startling 
a thought today, in October, 1954, as are many other appli- 
cations in the printing and allied fields which are now under 
active investigation. When one considers ‘that a magnetic 
product represents an almost perfect synthetic memory de- 
vice, vivid pictures of future applications are immedjately 
presented. ‘ 
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Sixteen-millimeter projector adapted to use quarter- 


inch Mylar-based tape with 16-mm perforations along one edge. 
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The Radial Tone Arm—an Unconventional Phonograph 
Pickup Suspension” 


H. E. Royst 


JULY 1956, VOLUME 4, NUMBER 3 


Radio Corporation of America, Indianapolis, Indiana 
AND 
E. E. Masterson? 


Sperry Rand, Inc., Philadelphia, Pennsylvania 


A new method of supporting a pickup while reproducing a phonograph record is described. The 


arrangement permits the pickup to follow along a radial line, thus eliminating tracking error. Static 
friction is greatly reduced, so that the force required to pull the pickup across the record is small. 
In addition, the arrangement described here provides mechanical resistance that is effective in a 
lateral direction, and hence effective in damping tone-arm resonance. The damping is ineffective in 


INTRODUCTION 


_— the 1940’s, RCA had an active program under 
way for the development of fine-groove records. This 
program involved many different departments of RCA, in- 
cluding the Engineering Products Division. It was the re- 
sponsibility of Engineering Products to develop fine-groove 
record-reproducing equipment that would be suitable for 
broadcast and commercial sound purposes. 
This paper will describe some of the work done under 
this program and, in particular, the pickup-suspension sys- 
tem known as the “radial tone arm.” 


PROGRAM OBJECTIVES 

One of the objectives of the fine-groove program was the 
development of a low-mass pickup having the stylus tip out 
in front where it would be clearly visible and not hidden 
under the pickup. This was an objective directed particu- 
larly to broadcast operations, in which cueing, or starting 
from a particular groove, is an essential procedure. 

Another objective was the development of a suspension 


* Presented at the Seventh Annual Convention of the Audio Engi- 
heering Sdciety, October 12-15, 1955. 
. t Record Engineering. 

+ Remington-Rand Eckert Mauchly Division. Mr. Masterson was 
formerly with RCA. 


a vertical direction, however, so that the pickup readily follows warped records. 
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system free from the faults and objections of the conven- 
tional tone arm. The aim was a suspension system in which 
the pickup would follow a true radial path across the record 
—-similar to the path travelled by the recording head during 
the recording process—rather than swing through an arc, 
as does the conventional tone arm. It was desired to have 
a suspension system which would require a minimum of 
force to convey the pickup across the record, since this force 
is derived from the record groove. More simply stated, the 
goal was a suspension system which would require low driv- 
ing force and be free from static friction. 

A more ambitious objective was the inclusion of a me- 
chanical resistance to damp the oscillatory effect of the tone 
arm at resonance. Ideally, this would be a resistance that 
would be effective in a /ateral direction only, and hence not 
impede any action in the vertical direction, since any such 
interference with vertical action would be detrimental to the 
reproduction of warped records. Having reached such a state 
of objectivity, it was easy then to wish for a suspension sys- 
tem in which a heavy, untalented hand could not possibly 
cause the pickup to scrape or damage the grooves. As a 
minor item, it was also necessary to have a suspension sys- 
tem which would be equally satisfactory for 78-rpm records 
and for 33'4-rpm transcriptions, as well as for the new fine- 
groove records. 
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H. E. ROYS AND E. E. MASTERSON 


THE ROTATING ROD 


An obvious means of having the pickup follow a radial 
line across the record was to incorporate the same principle 
as that used in recording: mount the pickup on a carriage 
and support the carriage on a lead screw extending over the 
record. It was considered impractical, however, to supply 
motive power to the carriage by means of a lead screw: in 
practice, the number of grooves per inch varies widely for 
the several record speeds—from a minimum of about 70 
grooves per inch for 78-rpm records to over 300 lines per 
inch for 45- and 33'14-rpm recordings. The use of a smooth 
rotating rod as the lead screw was proposed as a possible 
solution. 

Recollection of earlier work by A. V. Bedford' of the 


Fig. 1. The principle of operation is illustrated: a carriage con- 
taining the pickup slides along a smooth rod extending over the 
record, the rod being rotated by a motor coupled to it at one end. 


RCA Research Laboratories brought forth the realization 
that a smooth rotating rod would not only serve as a good 
lead screw, but also would accomplish many of the other 
desired objectives. Mr. Bedford had shown that for an 
object in contact with a smooth rotating rod, not only would 
static friction be minimized, but true mechanical resistance 
would be created in the direction parallel to the rod but not 
at right angles to it. 


THE DEVELOPMENT MODEL 


Figure 1 illustrates the principle of operation of the 
suspension system. The shaft, a smooth rod, is rotated 
by a small motor coupled to it at one end. The carriage 
is triangular in shape, so that two bearing surfaces rest 
on the rod; these are rather widely spaced in order to assure 
stability. The spot where the stylus rests upon the record 
constitutes the third bearing. Incidentally, felt pads lubri- 
cated with powdered graphite were found to make good car- 
riage bearings. 

The development model is pictured in Fig. 2 with the 


1U. S. Patent 1,947,544, issued to A. V. Bedford, February 20, 1934. 


motor-housing cover removed, revealing the pivotal arrange- 
ment of the entire assembly and the rod drive motor. To 
permit ready access to the record for changing purposes, the 
entire assembly is pivoted, so that the arm swings to the 
rear beyond the turntable. The action is spring-motivated, 
so that once the arm has been moved, the rotation will con- 
tinue until the arm clears the turntable. In this position, 
it is impossible to lower the pickup. 

The pickup can be lowered only when the arm is over the 
record and in position for reproduction. Lowering of the 
pickup is accomplished by depressing the wheel located on 
top of the motor housing to its fullest extent. Raising of 
the pickup may be accomplished by depressing the button 
at the right of the wheel, or by pushing the arm to the rear. 
A slight rotation of the arm is sufficient to raise the pickup, 
the latter action occurring in such a small arc that the 
grooves are not damaged as the pickup is lifted out of the 
groove. By partially depressing the “finger” wheel (so called 
because it was found to be ideally suited for one-finger op- 
eration), the pickup can be moved across the record. This 
is accomplished by having a multithread lead screw engage 
the back end of the carriage so that a positive drive is ob- 
tained. By additional downward deflection, the pickup is 
then released. The adjustments are such that the pickup 
can be moved by means of the finger wheel only when the 
pickup is sufficiently high above the record so that the tip 
will not scrape. 


A SIMPLIFIED MODEL 


A simplified model is shown in Fig. 3. The same motor 
drive and assembly rotating feature is maintained, but the 
pickup lift and traverse assembly has been greatly simplified. 
The wheel has been eliminated and a finger lift attached 


Fig. 2. The development model showing the rod drive motor and 
the pivotal arrangement that permits the arm to be rotated beyond 
the turntable while records are being changed. The pickup: is. 
raised by:means of the button and moved and lowered by the wheel. 
on top of the motor housing. 
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Fig. 3. A simplified model with a ‘‘finger’’ lift attached to the 
carriage. 


directly to the carriage. The lift action is smooth and the 
pickup may be raised and moved quickly to another record 
position. A small permanent magnet attached to the back 
of the carriage holds the pickup above the record whenever 
the pickup is raised to its full extent. The carriage is de- 
signed to receive plug-in pickups, some of which are shown 
in the holder at the right. This arrangement permits a 
ready interchange of pickups having tips suitable for the 
different records. 


PERFORMANCE 


Measurements of the mechanical resistance created by the 
sliding of the carriage along the rotating rod were made, 
using two different procedures. In the first method, the 
carriage was in a normal operating position with the pickup 
stylus tip resting on the smooth surface of an uncut lacquer 
disc, so that the stylus would not be guided. The second 
method—a simplified arrangement—eliminated the stylus 
bearing contact and left the carriage suspended freely from 
the rotating rod. In each arrangement, the force applied to 
the carriage was obtained by means of weights suspended 
from a string attached to the carriage; the string, in turn, 
passed over a pulley at the side of the turntable or near the 
end of the rod, depending upon the precise arrangement 
being used. Thus, the force, due to the pull of gravity upon 
the weight, was one that remained constant over the entire 
travel of the carriage, which was about 8 in. 

In electrical theory, resistance is independent of frequency 
and is equal to the voltage across the resistance divided by 


the current through it. In the mechanical arrangement, 
force is analogous to voltage, velocity to current, and resist- 
ance—in mechanical ohms—to resistance in electrical ohms.” 
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Fic. 4. Curves showing the proportionality between the force ap- 
plied to the carriage and the velocity of travel of the carriage 
along the rod. Curve a is for a carriage weighing 20 grams, b for 
a earriage weighing 40 grams, and ¢ for one weighing 60 grams. 


The mechanical resistance is determined by dividing the 
force acting upon the moving element by its velocity. Fig- 
ure 4 indicates that the velocity is proportional to the force 
acting on the carriage over a wide range and for different 
carriage weights. These results were obtained with the 
simplified arrangement where the carriage was freely sus- 
pended from the rod. Measurements made with the pickup 
resting on the smooth surface of a rotating lacquer disc 
likewise show the velocity to be substantially proportional 
to the force. Rod rotational speeds of 60 and 120 rpm 
were found to give similar results. 

The effect of this mechanical resistance on tone-arm reso- 
nance is shown in Fig. 5 where a is the curve obtained with 
the radial tone arm and b the curve obtained with a con- 
ventional type of tone arm where mechanical damping is 
not provided. These curves, we feel, illustrate the effective- 
ness of a sliding carriage on a rotating rod in giving rise to 
mechanical resistance. 

That this resistance is not effective in the vertical direc- 
tion is shown in Fig. 6, where the frequency-response curve 
obtained with a vertical pickup shows a high undamped peak 
due to resonance. In this case, the height of the peak ex- 


2 When expressing the resistance in mechanical ohms, the force 
should be expressed in dynes rather than in grams. 
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LEVEL db 


10 
20 405070100 200 400 700 1000 
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Fie. 5. Frequency response at the low-frequency end, showing 
the effect of the mechanical resistance of the rotating rod at tone- 
arm resonance. The data for curve a were secured using the rotat- 
ing-rod system. Curve b represents the conventional type of tone 
arm and shows very little mechanical damping. 


ceeds that obtained with a conventional type of tone arm. 

Data for Figs. 5 and 6 were obtained by the variable- 
speed turntable method,* in which a variable frequency is 
obtained from a fixed frequency by rotating the record at 
different speeds. 


CONCLUSIONS 


The radial tone arm offers the following advantages over 
the conventional type: 

1. Tracking error is eliminated. 

2. Mechanical resistance is provided, which is very effec- 
tive at tone-arm resonance. 

3. The mechanical resistance created is effective in a lat- 
eral direction only, and not in the vertical direction. 

4. Static friction is minimized, if not entirely eliminated. 

5. Very little force—which is derived from the recording 
groove—is therefore required to move the pickup and car- 
riage. 

6. The pickup and carriage assembly can readily move 


3H. E. Haynes and H. E. Roys, “A Variable-speed Turntable and 
its Use in the Calibration of Disc Pickups”, Proc. 1.R.E., 38, 239-243 
(March 1950). 


in a vertical direction, and hence follow warped records and 
weaving turntables. 

7. The system is able to withstand shock, vibration, and 
tilt to a substantial degree and much better than most con- 
vential tone-arm arrangements. 

Some disadvantages exist in that the suspension system 
contains rotating parts and hence is more complicated. Low 
runout, or low eccentricity of the rod, is required in order 
to minimize flutter, although this has not proved to be a 
serious problem in the units constructed. Vibration must 
be minimized to avoid significant rumble in the output 
signal. The time required to change records is somewhat 
greater than for the conventional type of tone-arm. The 
mechanical resistance created is too great for the pickup to 
follow rapid lead-in grooves, and hence the radial arm may 
not be suitable for record-changer operations. Likewise, ele- 
vation of the arm to accommodate stacks of records, as re- 
quired by the conventional type of record changers, may 
prove somewhat difficult. 

Finally, we believe that the radial tone arm is based upon 
sound engineering principles and offers advantages for the 
reproduction of fine-groove records. The precise means ‘ 
whereby the principles of the radial tone arm are applied in 
practice, however, could stand further consideration from 
the standpoint of human engineering. 


Pi 
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Fic. 6. A response curve taken with a vertical pickup, demon- 


strating the lack of damping of the radial tone arm in the vertical 
direction. 
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Tweeter Design Considerations” 


Gerorce W. Srorest 
University Loudspeakers, Inc., White Plains, New York 


This paper covers the general constructional and design characteristics of various types of 
tweeters and elaborates on the fundamental design problems of the moving-coil, horn-loaded 
tweeter. Also dealt with are air-chamber requirements, magnet and gap design, horn character- 


istics, etc. Performance, reliability, and cost considerations are discussed for different types of 


tweeters. 


a. TWO TWEETER designs most common in the past 
few years have been the direct-radiator and horn-loaded 
types. With the advent of thin, strong, lightweight plastic 
materials, renewed interest has been manifested in the elec- 
trostatic tweeter. We will review the present three types 
with respect to sensitivity, bandwidth, directional response, 
transient response, etc. 
We will first consider the direct-radiator tweeter. Figure 
1 shows a diagramatic representation of the working parts 
of a direct-radiator tweeter, which is structurally similar to 
an ordinary dynamic loudspeaker. Mechanical elements are 


_Lus a lus 


“Mu 


Mav 


Fig. 1. Diagrammatic representation of direct-radiator tweeter. 


* Presented at the Seventh Annual Convention of the Audio Engi- 
neering Society, New York, October 12-15, 1955. 
t Project Engineer. 


shown for reference later. 

Figure 2 shows a simplified equivalent circuit of this 
speaker. Equation 1 gives the relationship between effi- 
ciency and the electromechanical parameters of the speaker.* 


Mao Muy Cus Pus 


Fig. 2. Simplified equivalent cireuit of direct-radiator tweeter. 


<7 B?P rua X 100 (1) 
ia [ (rus + rua)? + (Xur - Xer)*|+ BPP (rus+ ua) 
Equation 1 can be simplified and rewritten as follows: 

B? rua Muy X 100 


pK, o (myp + Muy + Mua )? 10° 
Equation 2 is sufficiently accurate for most work when used 
on low-efficiency, direct-radiator speakers. It has the ad- 
vantage of showing more directly the effect on efficiency of 
the various elements. The elements contained in the equiva- 
lent circuit and in the equation are not, strictly speaking, 
constants, except under certain specific conditions. At the 


(2) 


p 


t All symbols are described in the appendix at the end of this paper. 
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low-frequency end of the tweeter’s operating range, the mov- 
ing mass is the total cone mass plus the coil and airload 
mass. The cone area is the projected area and the radiation 
resistance is that of the projected area, this last varying in 
proportion to the square of the frequency. When the unit 
is operating above its resonance frequency, and is thereby 
mass controlled, the increase of mass reactance with fre- 
quency, in conjunction with the increase in radiation resist- 
ance, keeps the output constant. When the diaphragm di- 
mensions become comparable to the wavelength, radiation 
resistance becomes constant; the output would tend to start 
dropping were the mass reactance to continue increasing. 
However, in this higher frequency range, the diaphragm is 
no longer acting as a piston—the outer portions being pro- 
gressively uncoupled from the voice coil—so that the effec- 
tive mass and the radiation resistance both become smaller 
with increasing frequency. 

It is difficult to evaluate the magnitudes of these quanti- 
ties in the frequency range where the lumped representation 
is not valid. In order to predict performance, some educated 
guesswork is necessary. To evaluate the performance of a 
direct-radiator tweeter, we must consider efficiency, flat- 
ness of response, directional characteristics, and transient 
response. To begin with, a relatively small diaphragm is 
indicated, so that the directional response will be sufficiently 
broad. A piston radiator becomes directional when its di- 
mensions become large compared with the wavelength. 
Along with diameter of the diaphragm, must be considered 
the cone angle, the cone shape, and the cone material, all 
of which have an effect on directional response. A shallow- 
angle cone made of soft paper will have the broadest direc- 
tional response, but because of this shallow angle and soft- 
ness, the high-frequency response will be attenuated. As the 
cone angle is made smaller, better coupling to the coil is 
obtained with greater response at the high frequencies, but 
at the expense of directional response. When, in addition, 
the cone material is made hard in order to improve trans- 
mission characteristics, further beaming of high frequencies 
results, and the low damping of hard paper causes more 
severe transient difficulties, due to standing waves in the 
cone, than might occur with a softer paper having greater 
internal damping. 


Thus, we are faced with the conflicting requirements of 
directional response versus sensitivity and transient response 
versus sensitivity, and as a result, direct-radiator tweeter de- 
signs must be a compromise among these factors. Assuming 
that a reasonable compromise among these conflicting fac- 
tors has been obtained, it is interesting to see what order 
of efficiency is achieved with a direct-radiator tweeter. 


The computation of efficiency can be done for an ideal- 
ized case. As an example, we might choose a tweeter de- 


GEORGE W. SIOLES 


sign having an equivalent diaphragm diameter of 1 in. at 
10,000 cps. This condition might obtain even for a unit 2 or 
3 in. in diameter by virtue of the propagation action in the 
cone. The diaphragm could be made of lightweight paper 
having a thickness of 0.003 in. The flux density is assumed 
to be 20,000 gauss. The voice coil could consist of aluminum 
wire, having a mass equal to the diaphragm mass. Sub- 
stituting these values in eq. 2 gives an efficiency figure of 
approximately 1%. 

In the preceding example, the voice-coil mass corres- 
ponded to that required for maximum efficiency. It is inter- 
esting to consider how coil design can be maximized in the 
direct-radiator speaker. Maximization of eq. 2 with regard 
to voice-coil mass shows that for maximum efficiency, the 
coil mass should equal the cone plus airload mass. This is 
based on a constant flux density and therefore is a valid 
relationship only when flux density is considered to be fixed. 
In practice, the relationship has significance when flux- 
density values are limited only by saturation of the iron 
parts in the magnetic circuit. For flux densities lower than 
these maxima, the equality of coil mass to cone mass does 
not yield the maximum possible efficiency, because when the 
coil mass is reduced—and a reduction in gap volume thereby 
effected—the flux density can be made higher for the same 
physical volume of magnet. As a result, total gap energy 
will be equivalent in the two cases, but the total moving 
mass will be less for the smaller coil and, as a result, the 
efficiency will be higher for the smaller coil than for the 
optimized coil. However, if the flux density is so high that 
it cannot be made any higher, then the 1:1 coil-mass-to-cone- 
mass ratio results in the highest efficiency. 


ALUMINUM WIRE VERSUS COPPER WIRE 

It should be noted, also, that aluminum wire is specified 
for the coil. This follows from a consideration of Fig. 3, 
which shows the change in efficiency achieved when a voice 
coil made of copper is replaced by one made of aluminum; 
efficiency is plotted as a function of the ratio of copper coil 
mass to diaphragm mass. This curve shows that whenever 
the volume of conductor is such that, if copper, it represents 
50% of the mass of the rest of the moving system, it is 
advantageous to use aluminum wire for the voice coil. The 
reason for this is that the higher resistivity of aluminum wire 
tends to keep the output down, but when the coil is suffi- 
ciently large to form an appreciable part of the total mass, 
the reduced density of aluminum reduces the mass reactance 
by an amount which is more significant than the change in 
resistivity. As a result, efficiency goes up rather than down. 
Therefore, for maximum efficiency in a direct-radiator 
speaker of any kind, aluminum wire having mass equivalent 
to the mass of the rest of the moving system should be used 
in a field of maximum flux density. 
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Fig. 3. The change in efficiency when a copper voice coil is re- 
placed by an aluminum voice coil. Efficiency is plotted as a fune- 
tion of the ratio of ——* voice-coil mass to the cone and airload 
mass. 


Figure 4 is a diagramatic representation and simplified 
equivalent circuit of the single-ended electrostatic tweeter. 
The movable electrode d, is in close proximity to the per- 
forated, fixed electrode and typically consists of a thin plastic 
sheet on which a conducting film has been evaporated. There 
must be sufficient tension on the movable electrode to pre- 
vent its collapsing against the fixed electrode due to the 
attractive force of the biasing voltage. A biasing voltage 
which exceeds the alternating voltage applied to the unit 
is necessary in order to hold to a minimum distortion com- 
ponents which would appear in the absence of the biasing 
voltage. The presence of this biasing voltage causes the 
force generated between the two electrodes as a result of the 
voltage across them to be an attractive force, regardless of 
the changing polarity of the applied signal voltage. Hence, 
mechanical displacements occur only in the “positive” direc- 
tion even though the alternating signal voltage swings from 
positive to negative constantly. Linearity is improved as the 
ratio of biasing voltage to signal voltage is made higher. 


ACOUSTIC OUTPUT OF THE ELECTROSTATIC TWEETER 
The acoustic output of the electrostatic tweeter is: 


78.5 Twa eo" Ce Sp* > 4 10°! 


@* [rua + (Xur- Xcr)*| 
This equation, which is derivable from the equivalent circuit 
and the force equation, shows that the output is inversely 
proportional to the fourth power of the spacing of the elec- 
trodes and directly proportional to the second power of the 
product of the biasing and signal voltages. In view of the 
fact that a higher voltage gradient becomes possible as the 
spacing is decreased, very close spacing is indicated. The 


(3) 


W acoustic watts) = 


mechanical impedance of an electrostatic tweeter is essen- 
tially stiffness reactance at the low-frequency end of..its 
range, essentially resistance in the midfrequency part of its 
band, and mass reactance at the higher frequencies. 


SENSITIVITY 

The problem of sensitivity will be considered in terms of 
power output versus voltage across the speaker terminals. 
As an example, let us consider the output of a typical pres- 
ent-day electrostatic loudspeaker having a movable electrode 
with an area of 25 sq. in., a spacing of 0.002 in. between the 
fixed and movable electrodes, and a biasing voltage of 200 
volts when 50 volts ac is placed across its terminals. It will 
be further assumed that in the frequency range of interest, 
the radiation resistance is constant and that the mass re- 
actance of the diaphragm has also canceled out the negative 
reactance of its compliance, so that the only mechanical load 
is that due to radiation. This condition corresponds to the 
maximum possible output that can be achieved for a given 
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Fic. 4. Diagrammatic representation of electrostatic tweeter 
and simplified equivalent circuit. 
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signal and biasing voltage. The output under the above 
conditions will be of the order of 50 acoustic milliwatts. 
This, it would seem, indicates that such a unit will have to 
be used in conjunction with a low-efficiency direct-radiator 
woofer for balanced response. 


MATCHING THE SPEAKER TO THE GENERATOR 


One of the major difficulties connected with an electro- 
static tweeter is the matching of the unit to the generator. 
Electrically, the electrostatic speaker appears as a capacitor 
and draws high reactive current from the amplifier while 
absorbing very little power. In addition, an electrostatic 
tweeter tends to load the amplifier progressively to the point 
where, at very high frequencies, the speaker appears as a 
dead short across the amplifier terminals unless apprepriate 
networks are used to prevent this. A further disadvantage 
of the electrostatic tweeter is the fact that a biasing voltage 
is required. 


Fie. 5. Diagrammatie representation of horn-loaded tweeter. 


On the plus side of the ledger, the electrostatic tweeter has 
smooth response, due to the fact that the diaphragm is being 
actuated over its entire surface. The extremely low mass 
reactance resulting from the light weight of the diaphragm 
allows good high-frequency response, due to the fact that 
mass reactance becomes comparable to the radiation resis- 
tance only at very high frequencies; thereafter, the output 
drops at the rate of 6 db per octave. Proper disposition of 
the movable electrode is required to assure a broad direc- 
tional response. 

Figure 5 is a diagramatic representation of a horn tweeter 
with symbols indicating the mechanical elements referred to 


GEORGE W. SIOLES 


F=BQi dynes 


Fic. 6. Simplified equivalent cireuit of horn-loaded tweeter. 


in the equivalent circuit of Fig. 6. The expression for the 
tweeter’s efficiency is 
B*I? ryz X 100 

Rye (tur? + Xur*) + BP ru 
Note that this equation does not include the effects of the 
air-chamber compliance. Constructional details of the horn- 
tweeter differ from those of the direct-radiator in one funda- 
mental respect, namely, in that a horn is placed in front of 
the diaphragm, generally with a constriction at the throat 
with respect to the diaphragm area. The constriction is nec- 
essary at the throat in order that a high radiation load be 
presented to the diaphragm. In order to prevent phase can- 
cellations at high frequencies due to the different distance 
between the various parts of the diaphragm and the throat, 
the latter is made as an annulus or is shaped in some suitable 
way as, for example, by means of a “phasing plug,” in order 
to achieve minimum path length between the various por- 
tions of the diaphragm and the throat opening. The volume 
of air between the diaphragm and the phasing plug acts as a 
compliance shunting the throat resistance in the equivalent 
circuit. Inspection of the equivalent circuit shows that, in 
order to have flat response over the entire range, the mass 
reactance of the diaphragm must be small compared to the 
throat resistance. Similarly, the stiffness reactance of the 
air chamber must be high in comparison with the throat re- 
sistance. This means that a lightweight moving system is 
required and also that the air-chamber compliance must be 
very low. In order to achieve this, the distance between the 
diaphragm and the phasing plug must be extremely small, 
of the order of 0.010 in. At this point, difficulties arise be- 
cause, if the diaphragm is to respond to low-frequency input 
signals, allowance must be made for diaphragm movement 
so that the diaphragm will not strike the phasing plug. Fur- 
thermore, there may be modulation of the high frequencies 
by low frequencies, due to the variation of air-chamber com- 
pliance with diaphragm displacement. 

A further complication in considering air-chamber require- 
ments is that the air-chamber volume cannot be treated as 
a pure compliance at the very high frequencies. It partakes 
of the characteristics of a compliance and, to that extent, the 
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coupling to the throat improves as the volume grows smaller. 
However, a high impedance may result, for radial velocities, 
due to the constricted volume resulting from the close spac- 
ing. Hence, the coupling between diaphragm areas removed 
from the throat is poor. The net result may be no improve- 
ment in high-frequency output. Experimentally, it has been 
found that trying to make the spacing between the dia- 
phragm and the phasing plug infinitely small does not always 
result in high-frequency improvement. 

Reduction of the mass of the diaphragm is extremely im- 
portant in maintaining efficiency at the higher frequencies. 
Rigidity considerations prevent indefinite lightening of the 
diaphragm, and efficiency and power-handling considerations 
prevent the use of extremely small voice coils. A means for 
decreasing the effect of diaphragm and coil mass is to employ 
a very stiff diaphragm suspension. This decreases the re- 


actance at the higher frequencies, with consequent improve- 
ment in output. This is done at the expense of the low fre- 
quencies, however, since the increased stiffness reactance 
controls the response at the lower frequencies. 


THE RIBBON TYPE OF HORN TWEETER 

A horn-tweeter design which is promising, in point of 
achieving a low-mass moving system, is the ribbon type. In 
such a unit, the only mass is that of a very thin aluminum 
ribbon whose thickness is of the order of 0.0005 in. Since 
the ribbon is acted on by force along its entire length, its 
response is very uniform. Low mass allows good high- 
frequency response with modest air-chamber dimensions. 
However, a ribbon tweeter is fragile, and the ribbon itself 
is unstable, due to the temperature increase resulting under 
excitation. The magnetic structure has a high leakage fac- 
tor, due to the wide air gap, so that this type of design is 
costly in terms of the magnet required. A matching trans- 
former is necessary to match the very low ribbon impedance 
to conventional amplifiers. While the ribbon tweeter offers 
interesting possibilities in performance, it also offers prob- 
lems in manufacture. 


DIRECTIONAL RESPONSE OF THE HORN-TYPE TWEETER 


The directional response of the horn-type tweeter is a 
function of the horn design and, in order to minimize sharp 
beaming, the horn should flare as fast as possible without 
causing response difficulties at the lower end of its operating 
range. An expedient for obtaining the maximum possible 
on-axis pressure with good directional response in the hori- 
zontal plane is to sharpen the directional response in the 
vertical plane by allowing most of the horn expansion to 
take place in the horizontal plane. The directional response 
of the horn tweeter can be made considerably broader at the 


very high frequencies than for a practical direct-radiator 
loudspeaker. The horn tweeter, the author believes, is also 
superior to flat-diaphragm electrostatic speakers of usual 
dimensions in this respect, although the latter type of 
speaker can be made to have good directional response by 
suitably curving the diaphragm. The transient response of 
a horn-loaded tweeter is superior to that of a direct radiator, 
due to the higher ratio of resistance to mass reactance. 


SUMMARY 


The distinguishing features of a horn tweeter are its high 
efficiency and high output-power capabilities. In contrast 
with other types, which have difficulty achieving efficiencies 
of 2% or 3% and outputs of the order of 0.1 watt, a horn 
tweeter can be designed with an efficiency of 20% to 30% 
and with acoustic output in excess of 1 watt. 
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APPENDIX 


Nomenclature 


Myp — mass of the diaphragm in grams. 
Myy — mass of the voice coil in grams, 
My, — mass of the air load in grams. 
Cys = compliance of the suspension in centimeters per dyne. 
Cy, == compliance of the air chamber in centimeters per dyne. 
Cyr = compliance due to mechanical tension in centimeters per 
dyne. 
Cyx — compliance due to electrostatic attractive forces in centi- 
meters per dyne. 
‘ys = mechanical resistance of diaphragm in mechanical ohms. 
‘ya 2 mechanical radiation resistance in mechanical ohms, 
Tyr = mechanical resistance of throat in mechanical ohms, 
= force in dynes. 
= gap flux density in gauss. 
length of voice coil conductor in centimeters. 
current in voice coil in abamperes. 
electroacoustical efficiency. 
area of movable electrode in square centimeters. 
biasing voltage in volts. 
alternating voltage in volts. 
electrode spacing in centimeters. 
; electrical resistance of voice coil in abohms. 
Xyr — total mechanical mass reactance = 29 f myr in mechani- 
eal ohms. 
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chanical ohms. 


= total mechanical compliance reactance in me- 


p = density of voice-coil material in grams per cubic centi- 
meter. 
K, = resistivity in abohms per centimeter cubed. 
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Free-Field Technique for Secondary Standard Calibration 
of Microphones” 


ARNOLD L. SELIcsont 


U. S. Naval Material Laboratory, New York Shipyard, Brooklyn, New York+ 


The acoustic environment required for the performance of free-field secondary standard micro- 
phone calibrations is examined. The technique includes automatic compensation for variations in 


sound output level versus frequency of the sound source. 


Size and orientation of the standard 


and object microphones and mounting are considered with a view toward minimizing disturbances 
in the sound field, and resulting calibration errors, arising from reflections at high frequencies. 
Maximum and minimum working distances from sound sources of various dimensions necessary 
to maintain plane-wave free-field conditions are given for a variety of microphone types. The 
accuracy limits of the calibration method are indicated. 


E PERFORMANCE of the free-field secondary stand- 

ard calibration of microphones in accordance with ASA 
Standard Z24.11-1954§ offers some disadvantages when a 
rapid determination of frequency response is required. In 
following the ASA standard in order to determine the fre- 
quency-response characteristics of a microphone, a standard 
microphone and a microphone of unknown characteristics 
are alternately used to measure the amplitude-versus-fre- 
quency response of a loudspeaker or other sound source 
under anechoic conditions; then, by comparison, the fre- 
quency-response characteristics of the unknown microphone 
may be determined. When the frequency response of the 
loudspeaker is not smooth—as is bound to be the case— 
difficulty in determining the true frequency response of the 
microphone will be experienced wherever the slope of the 
frequency-response curves is steep, such as in the vicinity 
of dips and peaks. The trouble is aggravated when the 
response characteristic of the microphone under test is itself 
ragged and, particularly, when the ragged portion of the 
unknown microphone’s characteristic coincides in frequency 
with the ragged portion of the loudspeaker’s characteristic. 


* Presented at the Seventh Annual Convention of the Audio Engi- 
neering Society, October 14-16, 1955, New York. 
t Employee. 
t+ The opinions or assertions herein represent those of the author 
and should not be construed as reflecting the views of the Navy 
Department. 
Free-Field Secondary Standard Calibration of Microphones. 


These and other difficulties may introduce considerable 
error in the measured response if the worker is not extremely 
careful when comparing the response curves, and will usually 
slow down, to a large extent, the procedure of determining 
the frequency response. 

Several years ago the author was called upon to calibrate 
a large number of sound-level meters and microphones. 
These were to be used in taking frequency analyses of 
noise and, therefore, an accurate response-frequency cali- 
bration was required for each meter and microphone. By 
ordinary techniques, this calibration procedure would have 
required many months for completion. In looking about for 
a relatively rapid means of determining the response, it was 
decided to investigate the possibility of using automatic 
control of sound pressure within the anechoic chamber in 
order to achieve as nearly flat a loudspeaker sound-pressure- 
versus-frequency characteristic as possible. Ideally, the 
frequency-response characteristic of the unknown micro- 
phone could then be directly determined. The method is 
not new, but little in the way of data has appeared on what 
could be expected when using an AVC (automatic volume 
control) system to regulate pressure in this manner and, 
further, what precautions and conditions are required in 
order to insure good accuracy. Several pieces of commer- 
cial apparatus have incorporated provisions for AVC. One, 
the Western Electric KS-4802 Automatic Frequency-Re- 
sponse Recorder, is an elaborate apparatus containing—in 
addition to the usual facilities—a wave-analyzer type of 
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recorder, sensitive only to the fundamental of the oscillator 
frequency. Of the few of these constructed, one is in the 
possession of the Naval Material Laboratory and was avail- 
able to the author. The Brush Electronics Company also 
have available a recorder-oscillator combination incorporat- 
ing the AVC feature. 


THE AVC SYSTEM 
A block diagram of an AVC amplifier is shown in Fig. 1. 
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FREE-FIELD CHAMBER 


Fig. 1. Block diagram of AVC amplifier. 


In a circuit of this type, too low a value of AVC recovery 
time (R;C, in the diagram) will introduce considerable 
distortion in the low-frequency range. Conversely, too high 
a value requires that the speed of oscillator or paper travel 
in the recorder be limited, in order to permit proper track- 
ing as the amplifier compensates for loudspeaker irregular- 
ities. Generally, a time constant of 1 sec is adequate for a 
complete sweep of the audio band in 3 minutes. One dis- 
advantage of this system, but not a serious one, is that an 
additional standard microphone is required to act as a con- 
trolling voltage source (AVC microphone). This microphone 
need not be flat, but should possess a smooth response, in 
order that the resulting loudspeaker response be smooth and 
that compensation for it be easy. The standard and AVC 
microphones selected for the author’s work were both Type 
640-A condenser microphones, equalized for free normal in- 
cidence response flat within + 0.2 db to 12,000 cps, and 
+ 0.5 db to 15,000 cps. With response of this order of flat- 
ness, it was felt that further correction for standard micro- 
phone response was not usually necessary. 

As an example of the functioning of the AVC system, the 
frequency response of a high-frequency, horn-type loud- 
speaker was measured, using the AVC microphone both 
with and without AVC (Fig. 2). Deviation from true flat- 


ness, i.e., “compensation error,” measured no more than 
+ 0.5 db. Since the AVC microphone itself exhibits errors 
of + 0.5 db to 15,000 cps, the true sound pressure at the 
diaphragm of the AVC microphone may deviate from mid- 
frequency response by about + 1.0 db. Similar results were 
obtained for the low frequencies, using as a sound source 


4 


FREQUENCY IN CYCLES PER SECOND 
Fic. 2. High-frequency loudspeaker with and without AVC. 


FREQUENCY IN CYCLES PER SECOND 
Fig. 3. Low-frequency loudspeaker with and without AVC. 


a 15-in. woofer in a bass-reflex cabinet (Fig. 3). It will be 
seen that the full output of a 50-watt amplifier was insuffi- 
cient to compensate for frequency droop below 36 cps. Care 
must be taken to see that the applied power never exceeds 
the rated sine-wave-power-handling capacity of the loud- 
speaker. Since high-frequency loudspeakers usually cannot 
handle high power levels, a loudspeaker with a relatively 
flat response is necessary if damage to the voice coil and 
diaphragm due to sudden application of high power is to 
be avoided. 
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POSITIONING OF THE MICROPHONES 


The location of the standard and AVC microphones is of 
great importance in determining how flat the apparent loud- 
speaker frequency response is at the standard-microphone 
position. Under ideal circumstances, perfect free-field and 
plane-wave conditions, the location of the microphones would 
not matter, since the apparent frequency-response charac- 
teristics of the source at the AVC microphone would be 
faithfully passed on to the standard microphones. In prac- 
tical cases, both the separation of the microphones and the 
distance at which they are placed with respect to the loud- 
speaker require careful choice. As the separation of the 
two microphones increases, the effects of inhomogeneity in 
the sound field, caused by stray reflections from the walls 
and other objects in the free-field chamber, become more 
prominent. As the distance from the loudspeaker is in- 
creased, the sound wavefront becomes more plane—which 
is desirable—and the signal-to-noise ratio decreases. (The 
term “noise,” as used here, includes the effects of room re- 
flections.) The question of minimum separation between 
microphones was resolved by experiment. 

It is apparent, inasmuch as the standard microphone must 
occupy the same position as the microphone under test, 
that the minimum possible separation between the AVC 
and standard microphones is determined by the maximum 
radius of the test microphone. With the advent of minia- 
ture microphones of diameters of less than 7% in., this 
means that the standard and AVC microphone would be 
almost touching. It was found that the effect upon the 
frequency response of the microphones of placing them in 
almost direct contact was quite small—amounting to no 
more than about 1.0 db, provided that the forward surfaces 
of the two microphones were in line. This relationship 
held good when the test microphones were substituted, even 
in instances in which the test microphone was appreciably 
larger than the AVC microphone, i.e., for such microphones 
as the Western Electric 633 “saltshaker.””’ When calibrating 
microphones possessing very large or non-cylindrical cases, 
such as ribbon or cardioid types, or when it was desired 
to reduce interaction to a minimum, it was found desirable 
to increase the spacing between the AVC and test micro- 
phones to allow a separation of about 34 in. between the 
closest portions of their cases. It thus appears that the 
diffraction and reflection of the sound about the case of 
the microphones was relatively unimportant as far as the 
neighboring microphones were concerned, since the major 
disturbances to the field occurred in front of the diaphragms. 
These results are shown in Fig. 4 for three different micro- 
phone types. 

The maximum separation between microphones is a func- 
tion of distance from the loudspeaker, since, at too close a 
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Co —Fo000 
FREQUENCY IN CYCLES PER SECOND 
Fic. 4. Frequency response of high-frequency loudspeaker meas- 
ured by 640-A microphone alone and in close proximity to other 
microphones. 


distance, the directional properties of the loudspeaker will 
strongly affect the results. If, for some reason, it becomes 
necessary to work close to the loudspeaker, this effect may 
be minimized by arranging the AVC and standard micro- 
phone symmetrically with respect to the loudspeaker axis. 
During this phase of the measurements it was found that 
the use of a fixed AVC microphone together with a movable 
standard microphone constitutes a powerful tool for investi- 
gating the acoustics of a room. In a free-field chamber this 
method can detect very minute irregularities in the sound 
field. Figure 5 illustrates what occurs as the separation 
between the AVC and standard microphones is increased 
from % to % in. The irregularities caused by standing 
waves arising from reflections may be noted. 

Before determining the optimum working distances from 
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FREQUENCY IN CYCLES PER SECOND 


Fic. 5. Showing effect of separation of AVC and standard micro- 
phones. 
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FREE-FIELD TECHNIQUE FOR SECONDARY STANDARD CALIBRATION OF MICROPHONES 


the sound source, the anechoic chamber was investigated 
to see how closely it approached free-field conditions. The 
chamber itself is of double-shell construction. The outer 
chamber is 40 ft « 30 ft 25 ft and is made of brick 
lined with a 4-in. layer of fiber glass. The inner chamber 
is 28 ft & 19 ft * 14 ft and is isolated from the outer 
chamber by 14 rubber isolation mounts and 12 in. of air 
space surrounding it on all sides. The inner chamber is 
lined with fiber glass battens 30 in. deep (Fig. 6). Figure 
7 indicates that satisfactory free-field conditions exist for 
distances up to 10 ft from the source and for a frequency 
range of 100 to 15,000 cps. On the basis of experience, 
it is believed that deviations from free-field conditions of 
as much as 2 db can be tolerated for production-type work, 
since the resulting errors introduced into the frequency re- 
sponse will be far less in magnitude than the measured 
deviation from free-field conditions. This is because cali- 
bration is on a comparison basis and the error will partially 
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direction parallel to the direction of sound propagation. 
Determination of pressure uniformity over the diaphragm 
of the microphone may be performed in advance, provided 
the directional characteristic (“polar response”) of the 
sound source is known. 


SOUND SOURCES 

The choice of a sound source should be based on 

1. Flatness of response. 

2. Physical dimensions. 

3. Output (conversion efficiency). 

When an AVC system is used, flatness of response should 
take precedence over output, unless it is required that the 
microphone calibration take place at high level. Concerning 
physical dimensions, the smaller the sound source, the better. 
With small sources, a broad polar response may be obtained 
(approximate point source) which will require only that the 
microphones be placed at a distance from the source suffi- 
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Fic. 6. Interior of anechoie chamber. 


cancel out in microphones of similar directivity. 

To insure that a plane wave exists at the microphone 
location, the ASA has specified tolerance limits of about 
1 db for the total pressure variation throughout the space 
occupied by the microphone. Figure 7 shows how closely 
one can approach the source and still maintain this condi- 
tion throughout the length of the microphone case in the 


cient to permit the securing of waves that are approximately 
plane. Sound sources whose diameter-to-wavelength ratio is 
large exhibited non-uniform pressure variations along their 
axes, due to the phase and pressure variation of sound 
arriving at the microphone from edge to center of the 
source. For the high-frequency response covering a range of 
600 to 15,000 cps the author has used a sound source of 
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DISTANCE FROM SOURCE (INCHES) 
Fic. 7. Free-field behavior of soft sound room. 


about 4 in. effective diameter at a minimum distance of 18 
in. from the microphones. When calibrating down to 100 
cps, an 8-in. loudspeaker is usually used at about 5 ft. For 
frequencies below 100 cps, a 15-in. woofer mounted in a 
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Fig. 8. Standard microphone holder. 


bass-reflex cabinet 10 ft from the microphones proved ade- 
quate down to 50 cps. 


MOUNTING THE MICROPHONES 


The standard and AVC microphones should be mounted 
in stands that present a minimum of obstruction to the 
sound field. The stands shown in Fig. 8 for the Type 640-A 
microphones are suitable, since they are proportioned to 
affect the field by less than 0.1 db in the audio range. 
Microphone holders that incorporate preamplifiers or cath- 
ode followers are somewhat less satisfactory, since they 
usually add additional thickness to the microphone. Shoul- 
ders, collars, or other discontinuities should also be avoided 
in the microphone holder. All these affect the microphone’s 
frequency response to a greater or lesser extent, depending 
on the size of the discontinuity. This effect may be noticed 
during calibration of an Altec Type 21-B condenser micro- 
phone (mounted in the M-11 holder), which exhibits a 
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Fig. 9. Comparison of parallel and normal incident response of 
Altee 21-B microphone in M-11 system. 


smooth transition from one diameter to another along its 
length. As shown in Fig. 9, the ripples which are in evidence 
on the normal incidence response curve in the range from 
4000 to 10,000 cps largely disappear when the microphone 
is rotated 90°. This suggests that, where a shoulder on the 
microphone preamplifier is unavoidable, it would be better 
to mount the standard and AVC microphones in a position 
of parallel or 90° sound-wave incidence to avoid the irregu- 
larities. Figure 10 shows the results of measurements to 
determine what occurs as the size of the obstruction—in 
this case a set of discs—increases to a diameter of about 
3 in. 

All precautions mentioned with respect to the standard 
and AVC microphones apply to the microphone under 
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FREE-FIELD TECHNIQUE FOR SECONDARY STANDARD CALIBRATION OF MICROPHONES 


calibration. All clamps and holders should be carefully 
proportioned to avoid obstruction of the sound field. Large- 
sized microphones are more tolerant in this respect than 
the miniature microphones. 


IMPLICATIONS WITH RESPECT TO THE USE OF 
SOUND-LEVEL METERS 


An interesting sidelight derived from these experiments 
is on the proper use of the sound-level meter when spectrum 
analysis is important. It becomes evident that, whenever 
possible, the sound-level-meter microphone should be kept 
well away from the user’s body. The very procedure of 
holding the microphone in the hand is enough to change 
the frequency-response characteristics of the meter radically. 
Also, microphones mounted on the body of the sound-level 
meter should be detached from the case and used with an 


extension cord, if fullest accuracy is desired. 

In cases where it has been possible to check accuracy 
against a primary calibration, it was found that calibration 
errors did not exceed 1.0 db throughout the range of 100 
to 15,000 cps. Repeatability was found to be of the same 
order of magnitude. These accuracy tolerances were ad- 


judged very satisfactory for the purpose intended. 


CONCLUSIONS 


By use of an AVC system in conjunction with two stand- 
ard microphones, the free-field calibration of microphones 
is substantially accelerated and improved in accuracy. The 
best orientation of the microphones will vary with the par- 
ticular installation, but once determined by following the 
procedures outlined above, does not have to be changed. 
Accuracies of 1 db may be expected. 
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Fig. 10. Effeet of cireular obstruction behind microphone. 
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Comments on the Paper, “On Stylus Wear and Surface Noise 
in Phonograph Playback System” 


D. A. Bartowt 


When a set of conclusions is reached in a study as fundamental as this, it is certain that 
particular factors have been accepted as a part of the working hypothesis essential to the 
formulation of conclusions which are open to challenge by another student of the subject. Mr. 
Barlow’s studies, like those of Prof. Hunt, are thorough and represent another view of the same 
subject. 

Almost inevitably, the points of departure in such cases become the focal points for study 
by all concerned. The process of further investigation usually results in the collection of additional 
test data that removes the subject from the realm of scientific speculation, and places it within 
the established body of knowledge of the art. Readers wishing to offer supporting or different 


viewpoints of their own for publication are invited to address them to the Editor. 


are especially welcome. 


Such comments 


IHE RECENT paper by F. V. Hunt, “On Stylus Wear 
and Surface Noise in Phonograph Playback Systems,” 
is of great interest and importance, as are all his researches. 
With great ingenuity he has utilised a hypothetical size effect 
to explain indentation test results and the very low rate of 
stylus and record wear which he obtained with his pickup. 
I would like to suggest that there is an alternative explana- 
tion of these results. 

Figure 2 of Prof. Hunt’s paper (the graph presents inden- 
tation track-width measurements) gives the basic results 
which require explanation. Prof. Hunt considers that the 
upward trend in apparent hardness with decreasing load is 
a genuine increase in hardness of the material, following 
Shaw (reference 6 in the original paper+). However, much 
of Shaw’s evidence for a size effect operating over appre- 
ciable areas is unconvincing and will be discussed later. The 
alternative explanation is that the apparent increase in 
hardness is due to elastic springback of the material. The 
values of p, in Fig. 2 represent the Load/(Area after re- 
moving load, or plastically deformed area). If there is ap- 
preciable elastic springback, hardness values will be mis- 
leading. Thus for very low loads, deformation of any ma- 
terial will be entirely elastic, as governed by the Hertz equa- 
tions quoted by Prof. Hunt, and the apparent hardness will 
be infinite. With increasing load, plastic deformation begins 


* The original paper, by F. V. Hunt, appeared in the JourNAL oF 
THE AupIO ENGINEERING Society, 3, 2-18 (January 1955). 

Mr. Barlow’s manuscript was received on April 10, 1956. 

+ 132 Bloxham Road, Banbury, Oxon, England. 

+ Milton C. Shaw, “A Yield Criterion for Ductile Metals Based 
Upon Atomic Structure,” J. Franklin Inst., 254, 109-126 (1952). 


below the surface at point 0’, Fig. 4 (original paper), sur- 
face deformation in contact with the indenter being still 
elastic; an apparently infinite hardness will still be obtained 
and no track will be visible, although slight elastic distortion 
of the surface might remain after removing the indenter, due 
to the residual stresses induced in the surface by the sub- 
surface plastic deformation. Eventually, this subsurface 
deformation will reach the surface, and visual surface evi- 
dence of plastic deformation will appear; most of the area 
in contact with the indenter will still be elastic, and the hard- 
ness value, based on the plastic contact area, will be high. 
With further increase in load, plastic deformation extends 
until it covers the whole of the contact area (the condition 
described as “full plasticity” in Fig. 11 of the original 
paper) above which minimum load correct hardness values 
will be obtained. The point at which this occurs will depend 
on the amount of elastic recovery of the material, i.e., on 
the yield stress and the elastic modulus. Tabor$ (reference 
5 in the original paperS) states that for work-hardened mild 
steel, the minimum load for full plasticity (M in Fig. 11 of 
the original paper) is 100 to 200 times that for the beginning 
of plastic deformation. However, there is no reason to sup- 
pose that this factor will be the same for other materials 
showing higher springback, as is assumed for vinyl in Fig. 
11. The results of Fig. 11 can be explained either by as- 
suming a 5-fold increase in yield stress over the bulk yield 
stress of the record material, or by a 3- to 5-fold increase 
in the suggested, but unknown, minimum load for full plas- 
ticity. 


§ D. Tabor, The Hardness of Metals, Chapters II and IV-VI, Clar- 
endon Press, Oxford, 1951. 
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COMMENTS ON THE PAPER, “ON STYLUS WEAR AND SURFACE NOISE IN PHONOGRAPH PLAYBACK SYSTEM” 


In Fig. 1 of the original paper, for the 1-mil radius stylus, 
a dividing line is given at about 6 grams between tracks 
showing “piling up” at the edges and those showing “sink- 
ing in.” The piled-up condition obviously represents the 
state of full plasticity, as otherwise no such rim could be 
formed; ordinary Brinell hardness tests confirm that at the 
highest loads, when full plasticity must exist (and no size 
effect can operate) piling up is obtained on vinyl. The sunk- 
in condition can occur in some materials even in the fully 
plastic state, but the condition depends on the shape of the 
stress-strain curve and both conditions could hardly occur 
simultaneously in the same material. However, the sunk-in 
condition can occur if a portion of the contact area is still 
in the elastic condition under load, suggesting that the mini- 
mum load for full plasticity, and hence for reliable hardness 
values with the 1-mil radius stylus, is at least 6 grams. This 
agrees with the hardness results in Fig. 2. 


In using the size-effect hypothesis, a 5-fold increase in 
yield stress is required with the 1-mil-radius stylus; for the 
3-mil stylus, a 35-fold increase would be required, i.e., a 
yield stress of 250 kgs per square millimeter. This is greater 
than that obtained on the very finest vinyl fibers, finer than 
the track widths being considered, and this strength increase 
in fibers is known to be due to preferred orientation of the 
molecules. A further objection to the size-effect explanation 
is that, for a given track width, e.g., 8 microns, when any 
size effect should be similar for both stylus radii, the 3-mil 
stylus is required to give a yield stress about 6 times greater 
than the 1-mil stylus. Elastic springback is a more likely 
explanation, as it is known to be greater for larger-radius 
indenters (for a given load or plastic track width). Also, in 
the case of a size effect based on the presence or absence of 
flaws, the results obtained for small sizes will be very vari- 
able, according to whether the area contains a flaw or not. 
Presumably the tracks obtained for a given load did not vary 
appreciably in width. 


The calculation of the minimum load for full plasticity 
and the hardness values to be expected at lower loads is im- 
possible at present, and results can only be obtained by 
large-scale tests. It would be very interesting to carry out 
an indentation test, using an indenter radius of, say, 10 in. 
or more, to give appreciable contact areas at very low loads 
in the elastic range, to see if results are obtained similar to 
those set forth in Fig. 2 of the original paper for plastic con- 
tact areas, and decreasing hardness with decreasing load 
for (plastic + elastic) contact areas. In this way, the in- 
fluence of elastic springback could be determined with rea- 
sonable accuracy without the hypothecated presence of any 
size effect and decisive evidence would be obtained for or 
against a size effect. If large slabs of transparent vinyl could 
be obtained for the tests, the area of impression while under 
load could be visually determined very easily, and the de- 
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velopment of surface and subsurface deformation could be 
followed, using photo-elastic methods. An alternative 
method of measuring total contact areas would be by means 
of radioactive-tracer technique. 

It is just conceivable that the results of Fig. 2 could be 
explained by the “skin” of the vinyl’s being harder than 
the core, due to moulding conditions. Doubtless this possi- 
bility has already been considered. 


DETECTION OF TRACKS 


Prof. Hunt has apparently detected no tracks narrower 
than about 8 microns. Figure 3 of the original paper shows 
one of these tracks near the “no trace” limit, having a width 
of 9.5 microns. The magnification of this microphotograph 
is about 60 diameters. This is a very low power, and tracks 
of this width can be seen with the naked eye; it would be 
interesting to know if higher powers of magnification have 
been used to detect tracks at lower loads. The limit of 
resolution of the light microscope is about 0.2 micron and 
that of the electron microscope 0.002 to 0.02 micron, de- 
pending on the particular technique employed; tracks of 
that order of width might be detected. X-rays might also 
be used. In this way, the curves of Fig. 1 might be extended 
beyond their present limits, perhaps into the “no trace” re- 
gion. 

In order to avoid all plastic deformation of vinyl (in the 
absence of any size effect) a load of only 11 milligrams must 
be used on a 1-mil radius stylus, or 99 milligrams for a 3- 
mil radius stylus. Now, the maximum shear stress at the 
surface of contact with the indenter at the moment of sub- 
surface yielding is only about 0.37 of the shear yield stress. 
Just to obtain plastic deformation at the surface, the load 
must be raised by some considerable factor, probably greater 


1 3 
than (—-) times, i.e., greater than 0.22 gram for the 
0 


1-mil radius stylus and greater than 2 grams for the 3-mil 
radius stylus. It is quite possible that Prof. Hunt’s pre-war 
pickup, with a 2.85-mil-radius stylus and 5- to 7-gram load 
was near the critical point, and would give appreciable sub- 
surface plastic deformation but no surface damage. A more 
usual pickup, with 15-gram load, would give a trace of about 
30 microns width, which represents a considerable amount 
of damage. 


PLASTIC DEFORMATION 


During the initial playing of a record, the stylus will plas- 
tically deform the groove until it has sufficient area and has 
been sufficiently work hardened to support the stylus with- 
out further deformation. On further playing, following ex- 
actly the same track, there would normally be no further 


‘ 7 

3 

ee = f 
: 

ys 

Y 

: 

— 

E 

bh 

SC“ Cs 

; 

f 

‘a 

f 

F 

| 

7, 

4 

_ 

J 

. 
; 

: 

ee 

a 


118 D. A. BARLOW 


plastic deformation and no component of surface noise due 
to slip or discontinuous plastic deformation. The damage is 
done on the first playing and there is no means of telling 
what the virgin record would sound like. It would therefore 
be possible, as in manufacturers’ claims, to have a record 
which, after 1000 playings, sounds similar to the first play- 
ing, although, in fact, it may be horribly mutilated (on the 
first playing only). On repeated playing there may be very 
slight further deformation for several reasons: 

1. Plastic recovery. After playing, the material may 
plastically recover slightly towards its original shape, and 
will be deformed again on playing. This effect will be very 
small and will disappear after a few playings. 

2. Creep, or cold flow. Under high stresses in the plastic 
range, slight creep of the material may take place at each 
playing and may eventually become serious after a very 
large number of playings. 

3. Fatigue. Repeated stressing of a material below its 
fracture stress may lead to eventual fracture. For very low 
stresses, fracture will never occur; at intermediate stresses, 
millions of repetitions (i.e., millions of playings) will be re- 
quired to give failure; at high stresses, few repetitions only 
may be required. Failure will take place by cracking or 
flaking, giving a pitted surface; as pitting develops, surface 
noise will increase. 

Factors 2 and 3 would partly explain the progressive de- 
terioration of records which occurs with heavy pickups. It 
should be noted that there is radial tension in the material 
under an indenter, and although this is lower than the com- 
pressive stresses present, the fatigue strength in tension may 
be lower than that in compression. 

When operating in the range of subsurface deformation 
only, subsurface fatigue may eventually take place, if a 
sufficient number of repetitions are ever reached. Ball races 
frequently fail in this manner. 


WEAR 


In frictional wear, due to welding, shearing and ploughing 
of asperities, high local temperatures are often reached; 
thus, melting of the asperities may occur, giving a burnish- 
ing action like the facets of the groove cutter. Under heavy 
loads the stylus will cause serious melting and damage; the 
material adjoining the contact surface may become hot and 
thus weaker, further increasing wear. 

In the fully plastic range, as in normal indentation hard- 
ness testing, the maximum possible coefficient of friction 


between the contacting surfaces is about ~2 = 0.167. The 


normal pressure is about three times the yield stress 
and the real contact area closely approaches the apparent 
area; in the worst case, the whole of the contact area would 


be welded, so that any attempt to slide the indenter over 
the surface would involve shearing of the whole contact 
area of the specimen, which would require a stress of about 
0.5 times the yield stress. Most commercial pickups oper- 
ate in this range, and although the value of the coefficient 
of friction may not seem high, considerable frictional wear 
will take place. Even with a polytetrafluorethylene record 
(in the fully plastic range) with a coefficient of friction of 
about 0.04, 25% of the surface of contact is welded. Poly- 
tetrafluorethylene is the obvious choice fer records, except 
for its cost; if it were used, its low yield stress would be 
a disadvantage, although this could be increased by cold 
rolling; also, the modulus might be rather low, leading to 
excessive elastic deformation, giving distortion, even if wear 
were low. 

It seems that for low loads on most materials, diamond 
generally gives a coefficient of friction of around 0.1, sap- 
phire, 0.2. On this basis, diamond might be expected to 
give lower wear than sapphire, depending on whether shear- 
ing of welds takes place at the junctions or in the record 
material. Since the rate of wear of the diamond is so low, 
there may also be less wear of the grooves by stylus attritus. 
In this connection, it is known that serious wear by stylus 
particles takes place when a steel stylus is used. 


SIZE EFFECT 


As already indicated, the size effect is unlikely to operate 
over the relatively large apparent area of contact with the 
stylus, but the effect may exist over smaller areas, e.g., 
those asperities which do not contain flaws. In this way, a 
light pickup which avoids plastic deformation of the surface 
will have a comparatively small area of real contact, giving 
a very low rate of frictional wear. A small increase in load, 
just exceeding the increased yield stress of the asperities, 
will cause flattening, giving a large area of real contact aad 
a sudden increase in wear rate. This, together, perhaps, 
with lower friction or less perfect welds at lower loads, could 
explain the low rate of stylus and record wear observed by 
Prof. Hunt. Low surface noise would also result. 

The size effect could also operate for the asperities of 
highly finished metal surfaces. The bulk strength of a 
metal is lower than the theoretical strength because of the 
presence of dislocations or imperfect spacings of the atoms 
forming the lattice structure. The high strength of the 
whiskers referred to by Prof. Hunt is due to the special mode 
of formation which results in the absence of dislocations 
(apart from a particular longitudinal one which does not 
affect the longitudinal properties). The presence of even 
a few dislocations in a large metal crystal will cause yielding 
in the same manner as for large numbers of dislocations, so 
that there will be no statisticai size effect as for Griffith 
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COMMENTS ON THE PA?ER, “ON STYLUS WEAR AND SURFACE NOISE IN PHONOGRAPH PLAYBACK SYSTEM” 


cracks in glass. However, the spacing of dislocations is of 
the order of 150 A.U. and it is possible that, if an as- 
perity were sufficiently small so as not to contain a disloca- 
tion, its strength would be the theoretical value. It is just 
conceivable that the hills and hollows of a highly finished 
metal surface are due to the local absence, or presence, re- 
spectively, of a dislocation. 

Glass is about the only material in which a statistical size 
effect operating over large areas of the order postulated by 
Prof. Hunt is definitely established; thus, commercial glass 
fibers as large as several mils diameter show a strength in- 
crease of up to 50 times that of the bulk material, due 
largely to the absence of surface flaws (which have been 
detected) by virtue of the drawing process. Glass records 
might thus be very interesting, particularly if produced in 
such a manner as to avoid surface flaws, although the very 
act of playing would probably produce flaws. 

The objection to the notion of a size effect operating over 
appreciable areas is that such an effect would be noticeable 
in fine fibers, quite apart from preferred orientation. Most 
of the results quoted by Prof. Shaw as evidence of a size 
effect, such as microhardness tests, strength of brazing metal, 
fatigue test results etc., are more readily explained by other 
means or are definitely known to be due to other causes. 
Moreover, Shaw’s own evidence on the nature of plastic flow 
in metals shows that a size effect could be operative only 
over areas smaller than about 0.8 micro-in., to quote his 
own figures; yet he apparently obtains a size effect only by 
assuming that the surface layer is free from flaws and by 
ignoring the known behavior of the imperfections or dislo- 
cations which he invokes. Further, in Morrison’s work, on 
which Shaw’s yield criterion is largely based, the size effect 
was not due to a stronger surface layer (it was, in fact, 
weaker than the bulk material) but was a characteristic of 
the steel used, due to the presence of an upper and lower 
yield point. Very few other materials show this type of 
yield—certainly not plastics—and, in any case, it could 
account only for a very small increase in apparent yield 
strength with decreasing size; also, this effect does not op- 
erate for all stress conditions and may not operate in the 
case of the stress conditions obtaining under an indenter. 


SHELLAC RECORDS 


No mention has been made so far of shellac records. 
Their high hardness will tend to reduce damage, but the 
high modulus may offset this by giving very small areas of 
contact. A few tests suggest that visible tracks are formed 
by a 2.5-mil sapphire stylus at loads appreciably less than 
3 grams, i.e., at low loads the material is subject to more 
serious damage than vinyl; at high loads, say 20 grams, the 
track width is no greater than it is for vinyl and will be 
less for higher loads. Also, the rate of frictional wear may 
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be less for shellac than for vinyl by reason of the hard filler 
used in the case of the former. This would account for con- 
flicting reports concerning the relative damage and wear of 
shellac and vinyl records. 


LUBRICATION 


This may not be quite as ludicrous as it would seem. The 
shortest wavelength likely to be recorded would be 20 ke 
at a diameter of 434 in. and a speed of 3314 rpm, equiva- 
lent to % mil (if it could be traced). The thickness of an 
adsorbed lubricant film for thin film lubrication can be as 
low as 1 to 2 molecules, so that the groove would be traced 
without appreciable distortion, due to the lubricant film. 
With a sufficiently viscous hydrodynamic lubricant, the 
high frequencies might be obscured; however, a thinner 
lubricant could be chosen to give a hydrodynamic film of 
suitable thickness, but this would be rather messy. Graphite 
has been used as a lubricant by the fiber-needle school, but it 
would probably not be adsorbed onto the record and there- 
fore would be useless; any large particles trapped under the 
stylus would give noise. An adsorbed surface film would 
thus be most suitable. By using a suitable volatile carrier, 
the very small amount of liquid which it would be necessary 
to wipe onto the record before each playing would quickly 
dry off. A suitable carrier might be a light petroleum frac- 
tion and the lubricant could be a small percentage of soap, 


or better, a calcium-petroleum-sulphonate compound, as a 
strongly polar lubricant is required to give adequate adsorp- 


tion. Some detergents used as anti-static agents are some- 
what akin to the latter compound, so that limited lubrica- 


tion is perhaps already being used unconsciously. 


CONCLUSIONS 


The main comments may be summarized as follows: 

1. The apparent increase in hardness at low loads may 
be explained by elastic recovery, rather than by a size ef- 
fect, especially since, for a given size, the strength would 
have to be much greater for a 3-mil stylus than for a 1-mil 
stylus. Prof. Hunt’s results are exactly of the type to be 
expected from the known mode of deformation of a mate- 
rial under a spherical indenter. 

2. Results of indentation tests could be extended by ex- 
amining tracks under a high-power microscope, the electron 
microscope, and perhaps by X-rays. 

3. Between the fully elastic condition and the appearance 
of surface tracks there is a region where all plastic deforma- 
tion of the record is subsurface. This is a practical range 
for pickup design, with the obvious advantage of negligible 
plastic deformation of the groove surface. 

4. The size effect is unlikely to operate over large areas 
but could apply to asperities, thus explaining the low wear 
and noise of Prof. Hunt’s pickup. 
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Book Reviews 


Television and Radar Encyclopaedia 
W. MacLanacuan (Editor), 2nd edition, Pitman Publ. Corp., New 
York, 1954, 216 pp., 225 illustrations, $6.00. 

For checking up on the functions of Rebecca, Eureka, Sarah, Walter, 
B.A.BS., or other similar pieces of British radar gear, this book is a 
very handy reference. However, readers will search in vain for any 
mention of Loran, Shoran, Omnirange, I.L.S., or even the historic 
British Gee. Although the intention of the author as expressed in the 
Preface was to prepare a reference book of television and radar terms 
which are or are likely to be in common use in Great Britain and in 
the United States, the book is very definitely British, with a few 
cross references to American terminology. 

Members of the Audio Engineering Society would appear to be a 
ready-made audience for this general type of book. It is intended to 
serve those whose primary interest is in some other field but whose 
rapidly expanding duties require them to be conversant with television 
and radar terminology. Although there are a number of well-written 
sections by prominent and capable guest contributors, this reviewer re- 
luctantly concludes that the main body of the book falls short of 
its aim. “Radio engineers will want far more detail than is included 
in the usually brief descriptions, and the work lists no other references 
whatsoever. 

Newcomers to the field will also sense a lack of precision, for many 
of the definitions are loose enough to cause confusion rather than 
to alleviate it. For example, the section on effective height of an 
aerial system perpetuates the erroneous connotation of altitude or 
elevation. This nomenclature is presumably an outgrowth of measure- 
ments made on vertical broadcast antennas, but the novice should 
be warned that the “effective height” of a VHF dipole atop a 1000- 
foot tower refers to its length as contrasted with its elevation. 

The term “gamma” is often used loosely in photographic practice, 
and television engineers tend to take even more license with the word. 
Unfortunately, the Encyclopaedia gives neither a basic definition nor 
a clear description. 

The book contains a number of unfortunate word choices that 
can hardly be attributed to differences between “English” and “Ameri- 
can.” In the section on negative transmission, the reader is told 
that “. . . In such a system zero carrier frequency represents white 
while black level may be at 70 percent of full positive amplitude. . . .” 
After one or two rereadings it is not too difficult to deduce that 
white is not represented by zero frequency but by zero amplitude of 
a certain frequency component, but the correct interpretation is easy 
to miss on the first reading. 

The section on color television speaks of the use of synchronous 
detectors, but these important devices are not listed elsewhere. 

Although the sections relating to television are the most disappoint- 
ing to this reviewer, it is difficult to imagine how one could operate 
radar equipment on either side of the Atlantic without echoes, echo 
boxes, homing devices, lin-log receivers, lobe switching, Doppler radar. 
and a whole host of similar devices and terms which are not listed in 


the Encyclopaedia: 
Wo. E. Evans 
Head, Television Research Group 
Stanford Research Institute 
Stanford, California 


High-Fidelity Techniques 
Joun H. Newitt, Rinehart & Company, New York, 1953, xvii + 
494 pages, $7.50. 

The author has directed this book primarily toward those for 
whom audio is a hobby rather than a profession. As a consequence 
he has had to avoid assiduously much of the mathematics necessary 
for serious work. The presentation is almost wholly qualitative and 
relies heavily on such graphical aids as circuit diagrams, tables, charts, 
and response curves. 

Probably because of the necessity for this oversimplified presenta- 
tion, the text contains many statements which are somewhat less 
than precise. For example, “With a record of 100 grooves per inch 
the maximum swing of the stylus is 0.010 inch. . .”; “INTENSITY. 
this refers to the amplitude of the acoustic forces.” Or “The decibel 
was originally intended to represent the smallest sound intensity 
difference perceptible by ear.” 

It is in the section on circuits that the book becomes most accurate 
and useful. Several popular lines of equipment are named and dis- 
cussed. However, owing to the continual outpouring of new models, 
much of the equipment illustrated is already out-dated. 

Another useful section relates to the design, construction, and instal- 
lation of sound systems for the home. The points of view of the 
constructor and customer are both well represented. 

This book is recommended to nonspecialists in audio who desire a 
semitechnical discussion of problems they are likely to meet. The 
practicing audio engineer will also find enough nuggets in the text 
to justify adding the book to his library. 

Vincent SALMON 

Manager, Sonics Section 
Stanford Research Institute 
Stanford, California 


Introductory Circuit Theory 

Ernest A. Guittemin, John Wiley & Sons, New York, 1953, 550 

pages, illustrated, $8.50. 

Introductory Circuit Theory is designed as a textbook for a first 
course in circuits for undergraduates at the sophomore and junior 
levels. It is emphasized by the author that it is exactly that—a text- 
book—and as such has little value as a reference book. Hence, it will 
be of little interest to the practicing engineer. The teacher, however, 
will find it a challenging and controversial book. And the challenge 
lies in the breadth and depth of viewpoint and the firm insistence on 
fundamentals. The controversy is in the extraordinarily high level 
of a book purportedly intended for sophomores. 
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BOOK REVIEWS 121 


Too frequently, a new textbook is written as a stepping stone in a 
pedagogical career to gain fame for the author; not so here. The 
two volumes of Communication Networks, 28 years of teaching ex- 
perience at M.I.T., and service as a wartime consultant at the Radia- 
tion Laboratory have all served to establish the reputation of Dr. 
Guillemin as an authority on circuits. 

Introductory Circuit Theory differs radically from earlier texts on 
the subject in its treatment of transient and steady-state responses. 
Traditionally, introductory circuit analysis has considered the steady 
state almost exclusively. Any discussion of the transient is so cursory 
as to create the impression that this is a relatively unimportant aspect 
of the subject. Guillemin reverses the emphasis. Arguing that 
modern advances in communication and electronic controls have made 
an appreciation of transients and the impedance concept imperative, 
he presents a most thorough-going treatment of the response of 
RLC circuits to unit impulses and unit steps before even mentioning 
the sinusoid. 

The stated purpose of this method is that the student “should be 
started off with the same basic concepts and processes of analysis 
that he will be using in his doctorate research or in his professional 
work 4 or 5 years later.” The intention is laudable. There may be, 
however, some question as to the ability of the average sophomore 
to grasp and appreciate such concepts as Interpretation of Impedance 
in the Complex Frequency Plane (in Chapter 6) and s-Plane Sketches 
Relative to Computation of the Step Response of the Second-Order 
Butterworth Filter (in Chapter 9). 

On the other hand, Dr. Guillemin exhibits a refreshing sense for the 
practical. Chapter 5, for example, discusses the step responses of 
simple RL, RC, and RLC circuits in so thorough a manner that the 
student should become as familiar with the mathematical results as 
he is with the multiplication table. Chapter 3 is concerned with 
methods of solution of network equations. It describes several 
shortcut solutions to various special cases which occur frequently, 
such as the ladder, star, and wye-delta transformations. 

To sum up, this is a text succinct in language, novel in outlook, 
yet uncompromising in its insistence on fundamentals which can, in 
the hands of a capable student, serve as a solid foundation for further 
study in electrical engineering. 

Freperick A. HAMILTON 
Chief Electrical Engineer 
Magnecord, Inc. 

Chicago, Illinois 


Transistor Audio Amplifiers 


Ricuarp F. SHea, John Wiley & Sons, New York, 1955, 219 pages, 
$6.50 

As stated in the preface of this book, “The main purpose of this 
volume is to give the practical engineer the basic fundamentals of 
transistor applications, in the field of audio amplifiers, so that he may 
intelligently apply these fundamentals in his designs, may avoid those 
pitfalls that await the unwary, and may achieve the ultimate in 
performance from these promising devices.” By and large these goals 
were reached. Emphasis on the words “practical engineer” should 
be observed, for the approximate treatment given is sufficient for most 


applications, but it is not complete enough to be a rigorous circuit 
treatment. 

This book helps to dispel the reticence of vacuum-tube circuit 
engineers who may hesitate to enter the field of transistor technology 
and applications. The treatment covers only junction transistors be- 
cause of their superior signal-to-noise ratio, high input impedance, 
and inherently greater stability as compared to the point-contact 
types. 

The jewels of this treatment include the following: 

1.A comprehensive listing of data on popular transistors, especially 

General Electric units. 

2.A satisfactory bibliography. 

3.A good choice of equivalent circuits and accompanying analysis. 

4.Data on coupling networks, attenuator networks, tone control 

networks, frequency response, signal-to-noise ratio, input power, 
output power, input impedance, output impedance, temperature 
stabilization, class A amplifiers, class B amplifiers, over-all efficien- 
cies, and the nonlinearities that may be encountered. 

5. Examples that are worked out for some popular applications. 

It would have been desirable if other types of transistors had re- 
ceived the same detailed treatment as General Electric types in such 
matters as, for example, the effect of bias levels and temperature on 
the transistor parameters. 

It is interesting to note that many engineers still choose to regard 
transistor equivalent circuits in equivalent T form. This has, this re- 
viewer believes. hindered the general acceptance of transistors by 
vacuum-tube circuit engineers. The book presents the equivalent 
circuit as in Fig. la. This reviewer considers that it would be more 


(bd) 


bockword voltage amplification factor 


Bie® Me * 


«,,* h,, = forword current amplification foctor 


Zos* %, * input impedance with output short circuited 


Yio™ Mez* output admittonce with Input open circuited 


familiar in the form of Fig. 1b, especially to those with training and 
experience in vacuum-tube theory and equivalent circuits. 
W. E. RicHeson 
Associate Research Engineer 
Stanford Research Institute 
Stanford, California 
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Inaugurating 
a new section — 


Sound 


JULY 1956, VOLUME 4, NUMBER 3 


News Supplement 
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Waves 


Highlights of the AES Year; a Photographic Roundup 


Jutius PostaL* 
Tele-Science Productions, New York, New York 
All text and photographs by the author, except as otherwise noted 


Port 1 


The October 1955 Convention (New York) 


Sound Creation 


Four papers were featured at the Sound Creation Session (Wed- 
nesday afternoon, October 12): 

Homer Dudley, of the Bell Telephone Laboratories, Inc., Murray 
Hill, New Jersey, spoke on the fundamentals of speech synthesis. 

John Borst, of the Haskins Laboratories, Inc., New York, dealt 
with the use of spectrograms for speech analysis and synthesis. 

Kenneth W. Stevens, of the Acoustics Laboratory of the Massa- 
chusetts Institute of Technology, Cambridge, Massachusetts, described 
speech synthesis by electrical vocal-tract analog devices. 

Richard H. Dorf, of the Schober Organ Corp., New Hyde Park, 
New York, treated electronic organ construction. 

Harry Olson, of the RCA Laboratories, Inc., Princeton, New Jersey, 
described an electronic music synthesizer. 
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Frank Cooper of the Haskins Laboratories, Inc., New York, 
presides over the Sound Creation Session. 


* Editor, JoURNAL or THE AUDIO ENGINEERING Society. 
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Homer Dudley presents tape recordings of human 
synthesized by the Voder and the Vocoder. 

His presentation, fundamentally historical and tutorial in nature, 
was a detailed history of the theoretical and practical aspects of 
speech analysis and synthesis as developed over the years at the 
Bell Telephone Laboratories. Nor did Mr. Dudley neglect the 
unique implications of this work—namely, the goal of transmitting 
wide-range speech via circuits of extremely narrow bandwidth. 


speech, as 


The Harry F. Olson-Herbert Belar presentation used conven- 
tional tape equipment to demonstrate recordings made on the 
electronic music synthesizer. 

The synthesizer was described as a “new musical tool with no 
inherent physical limitations for the musician, musical engineer, 
and composer.” The instrument, said the authors, provides means 
“for the production of a tone of any frequency, intensity, growth, 
duration, decay, portamento, timbre, vibrato and variation.” The 
machine produces music, they stated, from “a coded record pro- 
duced by someone with a fundamental understanding of the com- 
position of sound.” 
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JULIUS POSTAL 


Richard H. Dorf demonstrates one of the subassemblies of the 
Schober electronic organ, a “do-it-yourself” organ offered in the 
form of 22 separate kits designed to be assembled by the purchaser 
at home. Etched-circuit panels are used extensively. 

Mr. Dorf stated that these organs could be assembled by anyone, 
from a “complete electronic novice to a ranking engineer.” 

Waxing philosophical, Mr. Dorf commented, “Frankly, what can 
be so ludicrous as the very idea of a ‘high-fidelity’ musical instru- 
ment.” 


THE BANQUET 


TOASTS, WITTICISMS, AND AWARDS 


Les Paul Offers Penetrating Insights on Disc Recording 


Les Paul was guest speaker at the Banquet. He presented a 
motion picture (“kinescope” of an “Omnibus” tel t) showing 
how the Les Paul-Mary Ford multiple recordings are made. Then 
he entertained the audience with a discourse on his “life and hard 
times” in recording. 


Dr. Parmentier, distinguished musician, assists Mr. Dorf by 
performing illustrative passages from several different types of 
compositions on the Schober electronic organ. 


Mary Ford listens attentively as husband Les Paul gets across 
some serious points on disc-recording philosophies. 


Col. Ranger enjoying a witty moment in Les Paul’s oration, 
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A comment by Les Paul on problems attending extension of the 
high-frequency end of the spectrum amuses wife Mary Ford and 
also Sherman Fairchild, an old friend of the couple’s. 

Before launching into his formal (sic) presentation, Les Paul 
had introduced Mary as his “cook, psychiatrist, housewife .. . 
squaw. I think Mary knows more electronics than all of us put 
together,” he continued. “... If anybody comes to our home, he’s 


invited for dinner and, of course, all we talk about is ‘pots’!” 


F. Sumner Hall, a Past President of the AES, and Donald J. 
Plunkett, Governor and Chairman of the Papers Committee, listen 
attentively to the remarks of the Toastmaster, Richard H. Ranger, 
at the Banquet. 

Mr. Hall, formerly chief of the audio laboratory at the American 
Foundation for the Blind, New York, currently manufactures 
“Audioline” jack panels, patch cords, and other audio and broad- 
cast interconnection equipment at Amityville, Long Island. 

Mr. Plunkett is Studio Manager at Capitol Records, Inc., New 
York. 


Richard H. Ranger, newly installed President of the AES, ad- 
justs the controls of the Rangertone tape recorder on which the 
Banquet was recorded. 


Some Who Were Honored 


Sherman M. Fairchild, a governor of the AES and Chairman of 
the Awards Committee during 1954-5, presented the awards, Hon- 
orary Memberships, and Fellowships recommended by his com- 
mittee and voted by the Board of Governors of the AES. 

Serving on Mr. Fairchild’s committee were Benjamin B. Bauer, 
Harry L. Bryant, John D. Colvin, F. Sumner Hall, Chester A. 
Rackey, and Carleton R. Sawyer. 
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JULIUS POSTAL 


en ee 4  ™& 

Transmission chain: C. G. McProud, Editor and Publisher of 
Audio, passes the handsome bronze medallion representing the 
Potts Memorial Award to Sherman Fairchild (not shown) for pre- 
sentation to Mr. McGonigle, who, in turn, received it on behalf of 
inventor Lee de Forrest, who could not be present. Mr. McProud 
is a Past President of the AES and was one of its Founding 
Fathers. The assistance which Mr. McProud gave the Audio Engi- 
neering Society in the columns of the magazine Audio Engineering 
(now known as Audio)—prior to the launching of the JouRNAL or 


tHE AES—was of enormous significance in the growth of the 
Society. 


The AES Award 


The Audio Engineering Society Award, given each year to the 
“person whose work has most helped the advancement of the 
Society” was bestowed on Norman C. Pickering. 

With a degree in electrical engineering from the Newark College 
of Engineering and a degree in music from the Juilliard Graduate 
School, he played with the Indianapolis Symphony Orchestra, then 
went to the C. G. Conn Company to do research on musical in- 
struments. 

At the start of World War II, he worked on ultra-high-frequency 
communications equipment for the Royal Air Force at the Rauland 
Company. Subsequently, he was employed at Sperry’s on aircraft 
instrumentation. 

Just after the war, Mr. Pickering began production of the phono- 
graph pickup which bears his name. 


_ 4 , 

Mr. McGonigle, of the New York Telephone Company (at the 
lectern). He had just accepted the John H. Potts Memorial Award 
on behalf of Lee de Forrest. 

The eighty-two-year-old inventor, who holds some 285 patents 
in “wireless,” radio telephony, sound motion pictures, radio ther- 
apy, and television, could not be present. So he addressed the 
Banquet, via a tape recording made through the courtesy of West 
Coast Member Harry L. Bryant, a former officer of the Society. 

Added Mr. McGonigle, who, incidentally, has been a life-long 
friend of Dr. de Forrest: “Only recently—the preceding winter— 
Dr. de Forrest had been in the hospital with double pneumonia. 
His wife, Marie, and he are very happy over the John H. Potts 
Memorial Award.” 


Leo Beranek has just received the document signifying that he 
has been elected an Honorary Member of the AES. 

In addition to being Associate Professor of Communications 
Engineering and Technical Director of the Acoustics Laboratory 
at MIT, Dr. Beranek is President of the consulting firm of Bolt, 
Beranek, and Newman, of Cambridge, Massachusetts. 

He has devised new methods for the measurement of impedance 
and has also designed a new type of anechoic chamber. 

Dr. Beranek is the author of Principles of Sound Control in 
Airpianes, Acoustic Measurements, and Acoustics. 

Elected to Honorary Membership in the AES along with him 
were F. E. Terman, of Stanford University, and W. L. Everitt, 
of the University of Illinois. 
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Julius B. Postal, of Tele-Science Productions, was elected a 
Fellow of the AES. 

He received his B.A. degree from Brooklyn College. Between 
1941 and 1947, he was on the staff of the American Museum of 
Natural History. During his last three years there, Mr. Postal 
was chief of science broadcasting and television programs for both 
the Museum and the Hayden Planetarium. It was during this 
period that he began to make films. Subsequently, he joined the 
Avion Instrument Corp., of Paramus, New Jersey. He is now 
active in Tele-Science Productions, which produces educational 
and scientific motion pictures. 

Mr. Postal’s chief extra-curricular activity is the AES: He is 
Editor of the JouRNAL oF THE AUDIO ENGINEERING SOCIETY. 

About the photo: C. G. McProud, Editor of Audio and himself 
a photographer, wondered how Mr. Postal was going to be able 
to receive his Fellowship certificate and “shoot” himself at the 
same time. “Mac” solved the problem by gallantly stepping into 
the breach and shooting the picture, with Mr. Postal looking 
pleased—and embarrassed. “I feel more comfortable at the other 
end of the camera,” said Mr. Postal. 


Harry N. Reizes (left), Manager of the 1955 Audio Fair, after 
receiving his “certificate of recognition and appreciation.” Origi- 
nally presented to Mr. Reizes at the Los Angeles Convention of the 
AES in February 1955, it was re-presented to him by Sherman M. 
Fairchild (right, at the lectern) during the October 1955 Banquet. 


On behalf of Albert St. Hilaire, who could not be present, C. J. 
LeBel, Secretary of the AES, accepts a certificate of Fellowship. 


M. St. Hilaire was elected to Fellowship in the Aup1io ENGINEERING 
Society for his work in developing the first completely automatic 
coating machine for lacquer recording-disc blanks. M. St. Hilaire is 
Co-President of Pyral S.A.R.L., which is considered to be the largest 
manufacturer of specialized lacquers in France and also the largest 
lacquer-blank manufacturer in Europe. M. Hilaire’s organization is 
active in the manufacture of magnetic tape, as well. 


End of the Festivities 


At the close of the Banquet, Richard H. Ranger, President of 
AES for 1955-56, watches as Ralph Schlegel re-winds the “kine- 
scope” of the Les Paul-Mary Ford “Omnibus” telecast, which was 
shown to the assembled AES members and their guests. 

Mr. Schlegel, who has served several terms as Treasurer of 
AES, is Technical Facilities Supervisor of WOR-General Tele- 
radio, Inc., New York. 
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After the Banquet: (left to right) Mr. Miller, inventor of the “Millertape” system of 
sound recording, Les Paul, Col. Ranger, Mr. McGonigle, Mary Ford, and Sherman M. 
Fairchild pose with the bronze medallion awarded in absentia to Lee de Forrest. 

As recipient of the AES’s John H. Potts Memorial Award for 1955, famed and ven- 
erable Dr. de Forrest added one more laurel to his long list of honors. 


THE TRANSISTOR SESSION 


Carleton R. Sawyer, of the Bell Telephone Laboratories, Inc., 
Whippany, New Jersey, presides over the session on transistor 
application problems, Thursday afternoon, October 13. He sub- 
stituted for Harry L. Owens of the Signal Corps Engineering 
Laboratories, who was unable to be present. 

Mr. Sawyer, who has served as Chairman of the Publications 
Committee of the AES during 1955 and 1956, has a history of over 
25 years in mechanical engineering, motion-picture sound-on-film, 
and underwater sound. He has been a member of the Board of 
Governors of the AES, Chairman of the Finance Committee, and 
has served on the Awards Committee. 


In the foreground, three intent Members of the AES listen to 
a paper on transistors in audio. 

In the front row, left, Hellmuth Etzold, of the American Foun- 
dation for the Blind, New York. Front row, right, Herbert Nichols, 
formerly of the same laboratory, now employed at University 
Loudspeakers, Inc. Between them, in the second row, Charles D. 
Lindridge, of Montclair, New Jersey, who spent some thirty years 
at the Bell Telephone Laboratories. 

Although retired, Mr. Lindridge is an active experimenter in 
psychoacoustics and a frequent contributor to the JOURNAL OF THE 
AES. 
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HIGHLIGHTS OF THE AES YEAR; A PHOTOGRAPHIC ROUNDUP 


James F. Marshall, of the Minneapolis-Honeywell Regulator 
Company, Minneapolis, Minnesota, read a paper on behalf of 
Donald Mogen, of the same company, and himself. 


The two authors gave the pros and cons on several types of 
configurations—namely, the common-base, common-emitter, and 
common-collector circuits—for audio use. 


Both Mr. Marshall and Mr. Mogen looked forward to the 
development of circuits “enabling the transistor to approach and 
ultimately surpass the performance of vacuum tubes at power- 
supply efficiencies unattainable with tubes.” 


William D. Bevitt, of CBS-Hytron, Inc., Danvers, Massachu- 
setts, demonstrates a transistorized microphone preamplifier. Mr. 
Bevitt’s topic was the practical application of transistors to audio 
engineering. Dealt with, also, in his talk, were a remote broad- 
cast amplifier and a self-contained electronic megaphone, both 
employing transistors. 


DISC RECORDING AND PICKUPS 


The Disc Recording Session attracted many professional and 
commercial people. Among those participating (left to right) 
were W. Robert Dresser, of Graphic Recorders, Inc., Bridgeport, 
Connecticut, who described a servomechanism for automatic disc- 
feed control; Jerry B. Minter, President of.the Components Corpo- 
ration, Denville, New Jersey, who spoke on his company’s new 
hydraulic master-recording lathe—the Hydrofeed®; E. V. B. 
Kettleman, of the RCA-Victor Recording Division, New York, 
who chaired the Disc Recording Session; and Allen Weintraub, 
of Bell Sound Studios, Inc., New York, New York, who discussed 
some of the limitations imposed on recording studios by record 
manufacturers and a few of the approaches used by his company 
in dealing with these limitations. 


When his turn came, Walter Stanton discussed “the basic prin- 
ciples of magnetic disc-recording” devices and “the theory of pre- 
cise playback equalization.” 

With the RIAA Standard Recording Characteristic already on 
the blackboard (upper part), Mr. Stanton has just told the audi- 


ence that “. . . if the recording is made at constant mechanical 
amplitude, the cutter velocity must have a positive 6-db-per-octave 
slope...” He is drawing it. 
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An informal seminar pauses long enough to have its collective portrait taken. 

From left to right: 

Walter O. Stanton, President of Pickering and Company, Oceanside, New York. Only 
two days earlier, Mr. Stanton had assumed office as Executive Vice-President of the AES. 

Frederick V. Hunt, of the Acoustics Research Laboratory, Harvard University, Cam- 
bridge, Massachusetts. Prof. Hunt chaired the Audio Equip t Session (Saturday after- 
noon, October 15). 

Abraham B. Cohen, Engineering Manager, University Loudspeakers, Inc., White Plains, 
New York. 

Earl E. Masterson, of the Eckert-Mauchly Division of Remington Rand, Philadelphia, 
Pennsylvania. 


George W. Sioles, of University Loudspeakers, Inc. 


THE OLD AND THE NEW 


A Look into History 


Part of Oliver Read’s noteworthy collec- 
tion of old-time cylinder and disc phono- 
graphs. 

Inspecting the collection is Mr. Sayres, 
Art Director of Radio and Television 
News, the publication of which Mr. Read 
is Publisher and Editor. 

This exhibit was one of the high points 
of the October 1955 Audio Fair, held at 
the Hotel New Yorker in conjunction with 
the technical sessions of the Audio Engi- 
neering Society. 

Represented in Mr. Read’s exhibit of ir- 

bl hi are those bearing the 
Coronet, Berliner, Columbia, Gem, Edison, 
and Victor trade names. Some of the pho- 
nographs date back to 1889. 

It is noteworthy that the cylinder phono- 
graph and flat-disc hi introduced by 
Berliner co-existed side by side for a long 
period of time. 
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HIGHLIGHTS OF THE AES YEAR; A PHOTOGRAPHIC ROUNDUP 


Appropriately enough, a portrait of Thomas Alva Edison, who 
did pioneering work in developing the cylinder phonograph, hangs 
in the background, as if benignly presiding over Mr. Read’s exhibit. 

In 1876, Edison developed a method which permitted both the 
recording and reproduction of sound from a rotating cylinder. 

According to Oliver Read, a brass drum, on which was cut a 
spiral, was fixed on a horizontal screw. Wrapped on this drum 
was a sheet of tinfoil. During recording, sound waves caused a 
thin diaphragm to which a steel needle was attached to vibrate. 
In short, the recording was indented into the tinfoil as the cylinder 
rotated. The indentations varied in depth, of course. 

In reproduction, the process was simply reversed by means of 
a second “reproducer” consisting of a diaphragm to which was 
attached a reproducing stylus. 

The Bell machines differed from the originai Edison phonographs 
in that they made the recording by actually cutting the line on a 
blank cylinder. 

Says Mr. Read: “Berliner, in 1890, took out patents for further 
improvements in the ‘gramaphone.’ It was near the end of 1897 
that the first disc record was manufactured commercially in the 
United States.” 


The Audio Fair, sponsored by the Audio Engineering Society and 
put on under the direction of Harry N. Reizes, opened on Thursday 
morning, October 13, and ran through 6 p.m., Sunday, October 16. 

No charge of any kind was made for attendance at any of the 
exhibits of the Fair, either to Members of the AES or to non- 
members. All persons, however, were required to register. 


2g tal AA Soo 


The radial tone arm, designed to eliminate tracking error in the 
phonograph playback process, was described by Earl E. Masterson 
of the Eckert-Mauchly Division, Remington Rand, Inc., Phila- 
delphia, Pennsylvania. 

Mr. Masterson, who presented a paper on behalf of Henry E. 
Roys of the Radio Corporation of America, and himself, had 
worked on the radial tone arm for many years while at RCA with 
Mr. Roys. 

Mr. Masterson’s work at RCA, first in Indianapolis and later 
at Camden, covered various types of sound-recording equipment 
—disc, sound-on-film, magnetic-wire, and tape. 

Mr. Roys, Mr. Masterson’s co-worker in the development of the 
radial tone arm, was recently made Manager of Engineering of the 
Defense Electronic Products Division of RCA, Indianapolis. 

(A paper on the radial tone arm is published in this issue of the 
Journat. See Table of Contents.) : 


One of the most refreshing exhibits at the October 1955 Audio 
Fair was that of the Audio Exchange, Inc., of Jamaica, L. I., New 
York. Free aspirin, plus water to wash it down, were cheerfully 
dispensed to both visitors and exhibition personnel worn down by 
the incessant noise bombardment. 

Let us face it, the sound-pressure levels were anything but 
modest. 
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A LOUDSPEAKER OF 20 YEARS AGO 


At the Audio Fair, a trio of audio men 
inspect the cut-away model of a British 
speaker of twenty years ago. 

Intensely interested is R. W. Ramsey 
(right), motion-picture engineer and AES 
member. 

Formerly with the theatre-service arm of 
RCA, Mr. Ramsey has been operating the 
North Carolina Sound Service for many 
years. His company specializes in sound 
installations and maintenance for motion- 
picture theatres. Mr. Ramsey has been in- 
timately involved in the installation of 
wide-screen, stereophonic systems in the 
Carolinas and surrounding area. 

A Pennsylvanian by birth, Mr. Ramsey is 
today a Southerner by adoption. He enjoys 
Audio Engineering Society conventions. 
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INSTANTANEOUS 
FREQUENCY 
RESPONSE CURVES 


Using an “opaque” projector, Mr. Cohen 
projects onto a standard screen the instan- 
taneous loudspeaker freq y-resp 
curves he secured a moment ago by means 
of the instrument setup shown in the pre- 
vious picture. 


: & 

Abraham B. Cohen demonstrates a setup for securing instantaneous freq y-resp 
measurements of loudspeakers. 

Mr. Cohen asked his audience to make due allowance for the fact that he was running 
his on-the-spot tests in a hotel meeting room rather than in the proper acoustical environ- 
ment. 

He discussed ways and means of “obtaining mechanical separation of low- and high- 
frequency energy from a single voice-coil moving system by the application of auxiliary 
apex-mounted diffuser-type radiating elements.” 
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HIGHLIGHTS OF THE AES YEAR; A PHOTOGRAPHIC ROUNDUP 


“High Fidelity, Good or Bad?” Session Features Consumer Problems 


“High Fidelity, Good or Bad?”—the Saturday morning (October 
15) session of the Convention—brought out a large, intent audi- 
ence. Part of it is shown above. 

Chaired by S. J. Begun, of the Clevite-Brush Development Com- 
pany, Cleveland, Ohio, the session featured formal presentations 
by Norman C. Pickering, of Pickering and Company, Inc.; Mitchell 
A. Cotter, of Consumers Union of the U. S., Inc., Mt. Vernon, 
New York; Donald M. Berk, of Consumers’ Research, Inc., Wash- 
ington, New Jersey. There was also a joint paper by Julian D. 
Hirsch and Milton Weiss, of The Audio League, Pleasantville, 
New York. 

Mr. Pickering’s subject was “Tonal Balance in Conventional 
Music.” According to Mr. Pickering, “recent work on the fre- 
quency spectrum (tonal balance) of music has confirmed the pub- 
lished Bell Telephone Laboratories work of Sivian, Dunn, and 
White” and offers “a basis for a theory of record compensation.” 
Mr. Pickering described an “automatic device for setting equalizer 
curves.” 

He referred to the “anxiety factor” in record playback and made 


humorous reference to “rubber equalizers.” 

Mr. Pickering declared himself to be against putting more pre- 
emphasis onto discs. He made reference to the “shimmering” 
effect at the higher frequencies. He spoke, too, of the different 
kinds of noise to be encountered in disc recordings. “If a pre- 
amplifier is guilty of noise, most people won't buy it,” he said. 

Mr. Cotter dealt with what he called “barriers to good record 
reproduction.” 

Mr. Berk attempted to present “the consumers’ viewpoint on 
high fidelity.” He suggested certain changes in design details and 
in trade practices to help to bring about “better mutual under- 
standing among manufacturers, distributors, and consumers.” 

Messrs. Hirsch and Weiss felt that there was a need for “rea- 
sonable standards” by which consumers could judge the relative 
importance of various design features offered by manufacturers. 
They asked manufacturers to provide enough technical data in 
their literature to enable persons with “some technical knowledge 
to reach intelligent decisions without further testing.” 

There was much lively discussion from the floor. 


Inventor of Composertron Meets Sound-Effects Tycoon 


Osmond Kendall, of Ottawa, Canada, listens to sound effects 
recorded by Thomas J. Valentino, .§ New York. Both are Mem- 
bers of the AES. 


Mr. Kendall is the inventor of the Composertron, a machine 


which can create musical sounds—“from chords to concertos”— 
depending on the skill, esthetic background, and creativity of the 
operator. 

Starting out as an electrical engineer trained in power, Mr. 
Kendall switched to the custom building of radios and wide-range 
audio systems in the early thirties. Formerly with the National 
Research Council of Canada and the National Film Board of 
Canada, Mr. Kendall served at one time as the Film Board’s chief 
of motion-picture sound recording. 

His main activity today is counselling to engineering manage- 
ment. 

Mr. Valentino has what is conceded to be one of the largest 
commercial collections of recorded sound effects extant. He has 
put it together laboriously and carefully over a period of many 
years. He numbers among his clients radio and television stations, 
recording studios, and film producers. 

He proudly proclaims that most of his education—in business, 
in audio, and in life, generally—has been secured in the school of 
“experience and hard knocks.” 
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JULIUS POSTAL 


BRAZILIAN AES MEMBER 


ATTENDS NEW YORK SECTION MEETING 


Carlos Moura (left), active AES Member from Brazil, chats 
with W. J. Mahoney (right), formerly Central Vice-President of 
the AES. Mr. Moura is on the staff of the recording firm, Radio 
Gravacoes Especialisadas, Ltd., Sao Paulo, Brazil, where, just prior 
to flying to New York, he completed a setup for recording disc 
masters. 

Mr. Moura and Mr. Mahoney met at the New York Section 
meeting at which Stephen J. Temmer described his tour of Euro- 
pean audio and broadcast installations. 


Col. Ranger (right) and a new AES member from Latin Amer- 
ica inspect an audio console designed by AES member Phillip C. 
Erhorn, of Stony Brook, Long Island, and installed at the Olmsted 
Sound Studios, Inc., New York. 

The occasion was a New York Section Meeting of the AES at 
which C. Robert Paulson, of Ampex, spoke on stereophonic sys- 
tems. 


Stephen S. Temmer (center), of the Gotham Recording Studio 
and the Gotham Audio Development Corporation, New York, 
explains some European microphones to Donald J. Plunkett, 
Studio Manager of Capitol Records, Inc., New York, and to C. 
Robert Paulson, of the Ampex Corporation, New York. 

Mr. Temmer, addressing a New York Section meeting of the 
AES, spoke entertainingly about people, sound equipment, and 
the widely differing philosophies governing audio-equipment design 
and interconnection prevailing in England, France, and Austria. 


Irving Joel, recordist at Capitol Records, Inc., New York, tapes 
the Ernest White lecture-demonstration on pipe organs, which 
highlighted the November meeting of the New York Section of 
the AES. 

To record the meeting, an audio line several hundred feet long 
was stretched from the recording studio over several backyard 
fences, into St. Mary’s Church, and up to the choir loft on the 
second floor, where the meeting was held. The Church happens 
to be about halfway down the block from the Capitol studio, in 
the heart of New York City’s theatrical district. 
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HIGHLIGHTS OF THE AES YEAR; A PHOTOGRAPHIC ROUNDUP 


A portion of the huge audience of AES members and their friends which turned out to hear Theodore C. Lindenberg, Chief 
Engineer of Pickering and Company, Inc., describe the Isophase loudspeaker, an electrostatic transducer featuring push-pull operation. 

Held on Wednesday, January 11, in the large studio of Fine Sound, Inc., the meeting exemplified the hospitality extended to 
the AES by a number of New York recording studios—notably Capitol, Gotham, Fine Sound, and Olmsted. 


CAPACITY AES MEETING 
TURNS OUT TO HEAR 
ELECTROSTATIC TWEETERS 


Ted Lindenberg, one of the Founding Fathers of the AES, ex- 
plains the application of polarizing and signal potentials to the 
push-pull electrostatic speakers. 

“The peak potential applied between the diaphragm and either 
electrode at any instant is about 1700 volts,” said Mr. Lindenberg. 

Earlier he had explained how the impedance of the unit falls 
off at 6 db per octave, “so that current through the speaker—with 
typical program material—is maintained constant.” 

“This means,” said Mr. Lindenberg, “that, since power is equal 
to voltage X current, the power requirement at the high end drops 
at about 3 db per octave.” 

After the meeting, Mr. Lindenberg (right) greets an AES mem- 
ber, while Ralph Schlegel (center), Treasurer of the AES, looks on. 

The curved unit sitting on top of the cabinet is the smaller of 


the two electrostatic tweeters designed by Mr. Lindenberg. 

When he is not busy experimenting with transducers, he is apt 
to be flying his plane. Aviation has been Mr. Lindenberg’s hobby 
for many years. 


To be continued 


This inaugurates Sounp Waves, the News Supplement of 
the JouRNAL oF THE AupIO ENGINEERING Soctety. The 
goal is to send it out to all members of the AES and to our 
library subscribers as a separate publication published in 
between regular issues of the JourNat and, ultimately, 
twelve times a year. 

The next installment of “Highlights of the AES Year; a 
Photographic Roundup” (which will appear in the October 
1956 issue of the JouRNAL) will feature, among other things, 


coverage of AES West Coast personalities and events. 

The Editor welcomes your comments, press releases, news 
items, and photographs. Where photo credits are desired, 
please indicate to whom photos are to be credited. 

Please address all material intended for Sounp WAvEs 
to the Editor: Julius Postal 

P. O. Box 49 
Bowling Green Station 
New York 4, N. Y. 
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Information for Convention and/or JOURNAL Authors 


SUGGESTIONS FOR PREPARING MANUSCRIPTS, PHOTOGRAPHS, CHARTS, 
DRAWINGS, AND LANTERN SLIDES; LETTERING SIZES, MAILING 


A Journal of original record. Papers orig- 
inally published elsewhere or promised for 
publication elsewhere are not accepted for 
presentation at Audio Engineering Society 
Conventions or for publication in the Jour- 
NAL OF THE AES. In rare instances, excep- 
tions may be made by the Convention and 
Publications Committees at their discretion. 

All papers presented at AES Conventions 
are automatically considered for publication 
in the JouRNAL. 

Free and clear. It is assumed that all 
manuscripts submitted to the AES are offered 
free and clear. Any paper accepted for pre- 
sentation before the Society or for publica- 
tion in the Journat or tHe AES becomes the 
exclusive property of the Audio Engineering 
Society. Complete publication rights are held 
by the AES for primary publication in the 
JouRNAL. 

Permission to reprint—in whole or in part 
—papers originally published in the Journar 
or THE AES is usually granted freely by the 
Publications Committee upon written request 
and provided the authors agree. 

Multiple bylines. If the paper is to have 
more than one author, the exact form of the 
byline should be indicated on the manuscript 
and will be considered correct by the AES 
as given. 

Vital data. Make sure that the first page 
of your manuscript carries your name pre- 
cisely as you would like it rendered in the 
event of publication. If your business, pro- 
fessional or academic affiliation is to be given, 
this, too, should be included. If your posi- 
tion bears a formal title, you may include it. 

Typing the manuscript. Only one side of 
the sheet should be used. Margins should be 
at least one inch wide on each side. Triple 
spacing is preferred. 

Reviewing of the manuscript is speeded up 
considerably if several copies are submitted. 
(This is helpful but in no sense mandatory.) 
The copies may be clear carbons, mimeo- 
graphed sheets, copies made on a “spirit” 
duplicator, or blueprints. Review copies of 
diagrams, schematics, and graphs may be 
made by any convenient process. 

Abstract. The author should precede his 
text by an abstract summarizing the paper in 
general. The abstract may include a sum- 
mary of observations and conclusions set 
forth. 

Subheads. Subheadings for important sec- 
tions of the paper make it easier to read in 
printed form. 

References. References to periodical litera- 
ture should include the author’s full name, 
exact title of the article or paper cited, full 
name of the publication, volume number, 
page numbers, month, and year. Book refer- 
ences should include the author’s full name, 
full title of the book, the specific page or 
pages referred to, the publisher, place of pub- 
lication, and year of publication. References 
to patent literature should preferably be 


INSTRUCTIONS, ETC. 


given as follows: name, number of the patent 
(U. S. or foreign), date of filing, and date of 
issue. A brief description of the patent is 
helpful. 

Mathematical symbols. Care should be 
taken to make all mathematical expressions 
clear to the printer. All Greek letters and 
any unusual symbols should be identified in 
the margin. Only the very simplest formulas 
should be typewritten: all others should be 
written in carefully in ink. Do not neglect 
to give the meanings of all symbols used. 

Captions for illustrations. A caption— 
properly identified—should be supplied for 
each illustration and a legend for each chart. 
These captions should be listed—in complete 
form and consecutively—on a single sheet of 
paper. 

Photographs. All illustrative material 
needed for a particular manuscript should be 
referred to specifically in the text and should 
accompany the manuscript when it is mailed. 

Photographs and drawings should be pre- 
pared carefully to insure good reproduction. 
Photos should be standard 8 in. x 10 in. glossy 
prints. Since extremely fine detail tends to 
be obscured in all reproduction processes, it 
is often advisable to include a separate pic- 
ture—i.e., a “closeup”—of any highly signifi- 
cant detail, in addition to the general view 
which describes the overall field. 

Drawings. The reproduction copies of 
sketches, of curves, or schematics (as distin- 
guished from any review copies submitted) 
should preferably be original drawings in 
India ink on white paper or on tracing paper, 
8% in. x 11 in. Curves made on conventional 
graph paper will reproduce poorly, but black 
India ink tracings, in which only the princi- 
pal cross-section lines are rendered, are satis- 
factory. 

Sharp, high-contrast photographs of line 
drawings are acceptable. 

Please do not send black-and-white lantern 
slides or color transparencies for publication 
—only photographic prints or original draw- 
ings should be submitted. 

Lettering. On the aforementioned 8% in. 
x 11 in. sheets, lettering and numerical data 
should not be less than 0.12 in. high. Neces- 
sary labeling should be lettered unto curves 
and sketches. On the other hand, if extensive 
descriptive material is needed, it is better to 
put such information into the typewritten 
captions rather than to attempt to letter the 
information onto the curve or sketch. 

Mailing. Mail one copy of your manu- 
script to the Convention Chairman. This 
copy is for scheduling and publicity pur- 
poses. Please mail all other copies of your 
manuscript to the Editor. 

Mail that copy of the manuscript which is 
accompanied by the reproduction copies of 
your illustrative material (the Editor’s copy) 
flat, with plenty of stiff cardboard enclosed. 
It is advisable to mark the envelope 
“PLEASE DO NOT BEND.” 


ORAL PRESENTATION OF THE PAPER 
Time allotment. The average time allowed 
for any paper, unless the author requests 
more time on his Author’s Form, is 20 
minutes. If you are not going to deliver 
your paper in person, please supply the name 


_of your alternate to the Convention Chair- 


man as early as possible. 
Special oral version. An informal version 
of approximately 20 minutes, having an air 
of spontaneity, is usually more effective than 
a rushed verbatim reading of the manuscript 
exactly as written for publication. Many 
authors, after submitting the formal full- 
length version of their paper for publication, 
prepare an informal version for their guid- 


add interest. They should be set up well in 
advance of the particular session for which 
they are intended and tested under actual 
operating conditions. The Convention Com- 
mittee will cooperate in every way within 
its power. 

Facilities. If you expect to need a black- 
board or any special facilities (electric power, 
large table or tables, etc.) please notify the 
Convention Chairman as early as possible. 

Lantern slides. Photographs, diagrams, 


charts, and curves intended to accompany 


oral delivery should be in the form of stand- 
ard American lantern slides (3% in. x 4 in.) 
or 2 in. x 2 in. transparencies. The long 
dimension of the projected area should be 
horizontal in the standard slide, but may be 
either horizontal or vertical in the 2 in. x 
2 in. slide. 

PLEASE NOTE: Opaque projection of 
paper prints or drawings is not recommended. 
Nor can we guarantee that facilities for this 
type of projection will be provided. Because 
of the dimness of the image, opaque projec- 
tion is unsatisfactory for large audiences. 

Lettering on lantern slides. Charts, dia- 
grams and curves from which lantern slides 
are to be made should be held within the pro- 
portions or overall dimensions of 7 in. x 10 
in., with no more than 20, and preferably 
only 15 words to a chart. Vertical Gothic 
capitals are recommended. 

For a 7 in. x 10 in. working area, the 
smallest desirable letter height is 0.14 in. 
(made with a Leroy pen 0 or Wrico pen 7). 

Recommended, too, are the following line 
widths: 

For curves—1% to 2 points or 0.021 
in. to 0.028 in. 

For grid rules—% point or 0.007 in. 

For reference lines—1 point or 0.014 
in. 

Thumb marks. To indicate proper orienta- 
tion, a thumb mark should be placed in the 
lower left-hand corner of the slide, when the 
latter is viewed as it will appear projected on 
the screen. 

More complete information on lantern slide 
dimensions is given in American Standard 
Dimensions for Lantern Slides, Z38.7.19-1950. 
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SUSTAINING ORGANIZATIONS — 


Grateful thanks of the Audio Engineering Society are hereby extended 
to the following organizations which, as sustaining members of the Society, 
help make this publication possible. These organizations are: 


A.Tec LaNsING CorPorATION 
‘Ampex CorPORATION 

Aupio Devices, INc. 

AvupIo 


Ber_LaNt CoNCERTONE, AupiIo Division 
’ or AMERICAN ELEcTRONICS, INC. 


Davw Bocen Co., INc. 

BririsH _INpustries CorPorATION 
Caprrot Recorps, INc. 

Co_umsia Recorps, Inc. 
CoMPONENTS CORPORATION 
DicraPHONE CorPorATION 
GotHaM REcorpING CorPoRATION 
Harvey Rapio Company, INc. 
Hicu Fmeuiry, AupIocraFtT 
INstITUTE oF HicH Fmevitry MANUFACTURERS, INC. 
James B. Lansinc Sounp, INc. 
McIntosH Lasoratory, INc. 
MEASUREMENTS CORPORATION 
OBERLINE, INc. 

PeRMOFLUX CoRPORATION 
Picxerinc & Company, INc. 
Presto RECORDING CoRPORATION 
Reeves Sounp Srupios, Inc. 
Reeves SOUNDCRAFT CoRPORATION 
Rex-O-Kut Company 

Suure Broruers, INc. 
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